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ABSTRACT 

This paper details the thermal neutron scattering measurements of yttrium hydride for various hydrogen 
concentrations and temperatures that were conducted at the Spallation Neutron Source at Oak Ridge 
National Laboratory. Measurements at a temperature range of 5 to 1,200 K were conducted to determine 
the change in inelastic scattering as a function of temperature and to probe for any anharmonic effects 
known to exist in other metallic hydrides. Additionally, hydrogen concentrations of YHx that range from 
x = 1.62 to 1.90 were measured to determine the effects of varying hydrogen concentration on the 
inelastic neutron spectra. Changes in temperature affected the inelastic spectra in unanticipated ways, 
indicating that there are anharmonic effects, whereas hydrogen concentration does not significantly affect 
the inelastic spectra. These measurements were compared against the ENDF/B-VIII.0 thermal scattering 
files of hydrogen in YH2 and yttrium in YH2, as well as a new thermal scattering file created by using the 
stochastic temperature-dependent effective potential (s-TDEP). Both libraries were found to be in good 
agreement with the experimental data at lower temperatures. At higher temperatures, the s-TDEP method 
is better at predicting the experimentally observed softening of phonon modes in acoustic and optical 
regions. 

1. INTRODUCTION 

Hydrogen is an ideal moderator material for use in nuclear reactor applications, and water is the most 
commonly used moderator. However, its application for high-temperature reactor systems above 400°C is 
limited to extremely high-pressure systems. In contrast, metal hydrides are uniquely suited for high-
temperature reactor systems. Historically, ZrH was the preferred metal hydride for nuclear reactor 
applications due to its low absorption cross section, negative prompt temperature reactivity coefficient, 
and general availability. Yttrium hydride was not widely used due to the unavailability of high-purity 
yttrium and its much higher cost. Today, high-purity yttrium metal is available as an industrial metal, 
making it attainable. As a result, yttrium hydride has become the moderator of choice for high-
temperature reactors due to its superior thermal stability indicated by its lower equilibrium hydrogen 
partial pressure and the higher attainable hydrogen concentration at high temperature (>1,100 K) [1, 2]. 
This is why yttrium hydride is being developed under various US Department of Energy (DOE) programs 
to serve as the moderator for microreactors and small module reactors [3]. One of these programs—the 
Transformational Challenge Reactor (TCR) program, which launched in 2019 at Oak Ridge National 
Laboratory (ORNL)—was created to leverage advances in novel materials, processing, and modeling to 
significantly reduce the time needed to iterate from conceptual design to nuclear regulatory qualification. 
Yttrium hydride was selected as the moderator material for the TCR program [4]. 

Moderating materials require special care when simulating thermal neutron scattering in neutron transport 
codes because, unlike traditional nuclear data that treat the nucleus as an isolated free gas atom, the de 
Broglie wavelength of the neutron becomes comparable with the interatomic distances of the materials, 
and crystal structure effects must be considered. Specific files (i.e., thermal scattering libraries) are 
required to describe these interactions. The ENDF/B-VIII.0 [5] library for yttrium hydride was developed 
with the implicit assumption that the phonon density of states (DOS) does not significantly change as a 
function of temperature [6]. This library was found to be in good agreement with room temperature total 
cross section measurements, but no comparison with differential scattering measurements was made nor 
were temperatures other than room temperature considered. Additionally, no effort was made to quantify 
the anharmonic effect known to exist in metallic hydrides [7] or to determine whether this effect would 
impact differential scattering measurements or the total cross section. Additionally, the hydrogen 
concentration dependence of the neutron scattering properties of YHx are unknown, although it is 
critically important for the optimized design of reactors that use YHx moderators with various hydrogen 
concentration. 
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The purpose of this work is twofold. The first purpose is to provide differential scattering cross section 
measurements that can be used to compare against the existing ENDF/B-VIII.0 yttrium hydride library. 
These measurements were obtained at the ORNL Spallation Neutron Source (SNS) at various 
temperatures by using YHx with various hydrogen concentrations. The second is to explore new methods 
for generating a thermal neutron scattering library to account for these anharmonic effects on double 
differential neutron scattering cross sections. To accomplish this, the stochastic temperature-dependent 
effective potential (s-TDEP) method [8, 9, 10, 11] was used to calculate these features. A robust thermal 
neutron scattering library verified by critical experiments will facilitate more accurate neutron transport 
calculations for optimal reactor core designs. 

Section 2 describes the yttrium hydride fabrication process, and Section 3 provides a brief overview of 
thermal neutron scattering theory, simulation, and experimental techniques. Section 4 discusses the 
experimental results and their comparison against the available ENDF/B-VIII.0 and s-TDEP simulations. 
Section 5 presents concluding thoughts and comments about future work. 

2. YTTRIUM HYDRIDE FABRICATION 

Yttrium hydride samples with various H/Y atomic ratios were fabricated through the direct interaction of 
ultrahigh purity metallic yttrium (nominal 99.99%, purchased from American Elements) and hydrogen at 
elevated temperature. Carefully matching the processing temperature and hydrogen partial pressure in the 
retort gives rise to the desired hydrogen concentration informed by the well-established thermodynamics 
of the Y-H binary system. Final hydrogen gas pressure was determined based on the desired H/Y atomic 
ratios of the hydrides. More details regarding the fabrication of the yttrium hydride are available in 
Schappel, Silva, and Terrani [12]. The hydrogen stoichiometry of the synthesized specimens was 
determined by using the weight change method. X-ray diffractometry (XRD) was also performed to 
identify the phases presented within the samples. A representative XRD pattern (i.e., YH1.62) is shown in 
Figure 1. The solid solution of hydrogen in alpha yttrium, YH0.235 (hexagonal close-packed crystal 
structure) [13], and delta-yttrium dihydride, YH∼2 (face-centered cubic structure) [14] are both found in 
the fabricated hydride samples. The hydride samples with higher H/Y atomic ratios have a larger weight 
fraction of delta-phase yttrium hydride. The sample information and XRD results are summarized in 
Table 1. 

 
Figure 1. XRD pattern of YH1.62 and Rietveld refinement fit. The picture of a YH1.62 rod (10 mm in diameter, 

15 mm tall) is also shown. LaB6 is the standard material mixed with hydride powder in XRD and is not 
included in the yttrium hydride. 
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Table 1. XRD analysis of yttrium hydride samples for the thermal neutron scattering measurements at room 
temperature. 

Samples 
α-Y weight pct 

(%) 
δ-YH2 weight pct 

(%) 
H concentration in 

δ-YH 
YH1.62 12.1 87.9 1.81 
YH1.68 11.6 88.4 1.87 
YH1.74 9.0 91.0 1.89 
YH1.86 4.2 95.8 1.93 
YH1.87 2.7 97.3 1.91 
YH1.90 2.1 97.9 1.94 

The inelastic neutron scattering (INS) experiments were performed on three instruments at SNS—the 
Wide Angular-Range Chopper Spectrometer (ARCS) [15], the Fine-Resolution Fermi Chopper 
Spectrometer (SEQUOIA) [16], and the Vibrational Spectrometer (VISION) [17]—and their descriptions 
are given in Section 3.2. For SEQUOIA experiments, two bulk yttrium hydride rods that were 10 mm in 
diameter and 15 mm tall—YH1.62 and YH1.86—were fabricated first and then crushed into fine powder. To 
mitigate the hydrogen release at elevated temperature, an aluminum sample holder was used to contain 
the powder sample. The aluminum sample holder consists of an aluminum plate and cover (Al-6063). A 
specially designed aluminum gasket was used to enable the gas-tight sealing of the final assembly. The 
yttrium hydride powder was loaded in the area of 30 × 40 × 0.5 mm. An opening was available at the 
bottom of the aluminum plate for inserting a heating rod to enable the uniform temperature distribution 
across the sample holder, which was attached to the hot stage adapter at the bottom-loading close-cycle 
refrigerator (CCR) at SEQUOIA. During neutron scattering experiments, the sample in the sealed holder 
and aluminum heat shield were in a vacuum. This setup provides low neutron scattering background and 
allowed the sample temperature to be controlled from T = 5 to 800 K. Figure 2 shows pictures of the 
sample holder assembly before the holder was sealed. Similar aluminum sample holders were used for 
VISION measurements. Unlike the SEQUOIA measurements, the bottom heating element attachments 
were not needed due to the helium exchange gas in the top-loading CCR of VISION in which 
measurements were done at T = 5 and 293 K. These sample holders could be directly mounted to the CCR 
of the SEQUOIA and VISION instruments. 

 

Figure 2. The aluminum sample holder parts and the final assembly. 



 

5 

For the high-temperature ARCS measurement (up to 1,200 K), a thin-wall low boron quartz tube 
(0.46 mm wall thickness and 9.07 mm inside diameter) was used to contain the 0.11 mm yttrium hydride 
foil. The 0.1 mm metallic yttrium foil was first loaded in the quartz tube, and then the assembly was 
placed in the retort of the TCR bulk metal hydriding system for hydrogen loading [12]. The quartz tubes 
were sealed after the successful fabrication of yttrium hydride. During the measurement, the quartz tube 
containing yttrium hydride foil was placed in a vanadium sample holder and mounted in the MICAS 
furnace installed at ARCS [18]. Figure 3 shows the thin-wall quartz tubes that contain yttrium hydride 
foils. 

 

Figure 3. Quartz tubes containing yttrium foils and yttrium hydride foils. 

 
3. THERMAL NEUTRON SCATTERING 

3.1 THEORY 

The theory of thermal neutron scattering experiments is extensively described in MacFarlane and 
Kahler [19] and in the authors’ previous work [20, 21, 22]. Here, the authors focus on the most important 
parts of these studies. In the typical neutron scattering experiment, time-of-flight data are transformed to 
S(Q,E), which is the dynamic structure factor, and Q and E are the neutron momentum and energy 
transfer. The double differential scattering cross section (DDXS) can be represented as: 

𝑑𝑑2𝜎𝜎
𝑑𝑑Ω𝑑𝑑𝑑𝑑

= 𝜎𝜎𝑏𝑏
4𝜋𝜋

𝒌𝒌′

𝒌𝒌
𝑆𝑆(𝑄𝑄,𝐸𝐸) ,    (1) 

where k’ and k are wavevectors of final and initial neutron states, respectively; Ω is the solid angle; and 
σb is the bound scattering cross section. In the ENDF/B-VIII.0 format, DDXS is represented as: 
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𝑑𝑑2𝜎𝜎
𝑑𝑑μ𝑑𝑑𝑑𝑑

= 𝜎𝜎𝑏𝑏
2𝑘𝑘𝐵𝐵𝑇𝑇

�
𝑑𝑑𝑓𝑓
𝑑𝑑𝑖𝑖
𝑒𝑒−

𝛽𝛽
2𝑆𝑆(𝛼𝛼,𝛽𝛽),     (2) 

where Ei and Ef are the incident and scattered neutron energies, respectively; µ is the cosine of the 
scattering angle; kBT is the equilibrium temperature in electronvolts; α and β are unitless momentum and 
energy transfer, respectively; and S(α, β) is the scattering law. The transformation between S(Q, E) and 
S(α, β) is as follows: 

𝑆𝑆(𝑄𝑄,𝐸𝐸) = 𝑆𝑆(𝛼𝛼,𝛽𝛽)
𝑘𝑘𝐵𝐵𝑇𝑇𝑒𝑒−𝑇𝑇/(2𝑘𝑘𝐵𝐵𝑇𝑇) , 𝛼𝛼 = ℏ2𝑄𝑄2

2𝐴𝐴𝑚𝑚𝑛𝑛𝑘𝑘𝐵𝐵𝑇𝑇
,    𝛽𝛽 = − 𝑑𝑑

𝑘𝑘𝐵𝐵𝑇𝑇
 ,    (3) 

where mn is the neutron mass, and A is the ratio of the scattering atom mass to the neutron mass. By using 
the LEAPR module of NJOY2016 [19], the S(α, β) can be calculated from the phonon spectrum, or DOS, 
by using: 

𝑆𝑆(𝛼𝛼,𝛽𝛽) = 1
2𝜋𝜋 ∫ 𝑒𝑒𝑖𝑖𝛽𝛽�̂�𝑡𝑒𝑒−𝛾𝛾(�̂�𝑡)𝑑𝑑�̂�𝑡∞

−∞ ,      (4) 

With: 

𝑒𝑒−𝛾𝛾(�̂�𝑡) = 𝛼𝛼 ∫ 𝑃𝑃(𝛽𝛽)�1− 𝑒𝑒𝑖𝑖𝛽𝛽�̂�𝑡�𝑒𝑒−
𝛽𝛽
2𝑑𝑑𝛽𝛽∞

−∞ ,     (5) 

where tˆ is the time measured in units of ¯h/kBT seconds, and P (β) is dependent on the phonon spectrum, 
ρ(β), as follows: 

𝑃𝑃(𝛽𝛽) = 𝜌𝜌(𝛽𝛽)
2𝛽𝛽 sinh(𝛽𝛽/2).      (6) 

3.2 EXPERIMENTAL TECHNIQUES 

Three instruments—ARCS, SEQUOIA, and VISION—were used to measure the INS of the yttrium 
hydride samples at SNS. ARCS and SEQUOIA are direct geometry time-of-flight spectrometers in which 
an incident neutron energy is specified, and a spectra of final energies and scattering angles is measured. 
Both instruments use a Fermi chopper to define the energy of the incident neutrons. This is done by 
rotating the chopper at a specific frequency and phase relative to the timing of the pulsed source to allow 
through only the desired neutron energy. The neutrons then interact with the sample material, and the 
scattered neutrons are measured downstream at the detector bank. 

For both instruments, incident energies of 45, 180, and 600 meV were selected for measurement. The 
incident energies of 45 and 180 meV were chosen based on previous calculations and measurements of 
the phonon DOS [23], which show significant contributions below 30 meV and between 100 to 150 meV. 
The 600 meV incident energy was chosen to measure multiple phonon scattering. For the purposes of 
these experiments, there are three primary differences between ARCS and SEQUOIA. The detector bank 
at SEQUOIA covers scattering angles from -30 to 60° in the horizontal plane and ±18° in the vertical 
plane. By comparison, ARCS covers angles from -28 to 135° in the horizontal plane and -27 to 26° in the 
vertical plane. Another difference is in the energy range and energy resolution available with these 
instruments. ARCS allows for incident neutron energies between 20 to 1,500 meV with a resolution at the 
elastic peak between 3 to 5%, whereas SEQUOIA can measure incident energies between 4 to 6,000 meV 
with an energy resolution between 1 to 5%. Finally, ARCS allows the high-temperature MICAS furnace 
to be used for measurements up to 1,600°C. 



 

7 

VISION is an indirect geometry vibrational spectrometer. Unlike a direct geometry spectrometer, 
VISION shines a white beam of neutrons on the sample, and the final energy is selected by setting 
detectors at specific angles that correspond to scattered energies of 4 meV. This results in a constant 
relative energy resolution of ∆E/E = 1.5%. There are two detector banks at VISION: a forward scattering 
bank at 45° (low Q) and a back scattering bank at 135° (high Q). At SEQUOIA, YH1.86 was measured at 
5, 295, 550, and 800 K. Additionally, YH1.62 was also measured at 5 K. This additional measurement was 
done to investigate the differences in hydrogen concentration on the DDXS. YH1.87 was measured at 
ARCS at temperatures of 295, 550, 800, 900, 1,000, 1,100, and 1,200 K. The higher temperatures 
represent the range of temperatures expected for normal TCR operations, and a description of any 
changes as a function of temperature is needed to accurately model the reactor. VISION was used to 
further analyze the differences in hydrogen concentration and measured YH1.62, YH1.74, YH1.86, and 
YH1.90, all at 5 and 293 K. A table detailing the samples used for each experiment is shown in Table 2. 

Table 2. Sample information for thermal neutron scattering measurements. 

SNS instrument Samples Sample form Sample fixture Mass (g) Temperature (K) 

SEQUOIA 
YH1.62 

Powder Aluminum plate 
and cover 

0.6966 5 
YH1.86 0.7020 5, 295, 550, 800 

VISION 

YH1.62 0.6966 

5, 293 
YH1.74 0.6684 
YH1.86 0.7020 
YH1.90 0.7696 

ARCS 
YH1.68 0.1 mm hydride 

foil 
Thin-wall quartz 

tube 
1.6681 295, 550, 800, 900, 1,000, 

1,100, 1,200 YH1.87 1.8937 

3.3 SIMULATION TECHNIQUES 

The calculation of the phonon spectrum is not a straightforward task, and over time, different 
methodologies that use first principles or molecular dynamics (MD) have been presented. Codes such as 
PHONON [24] and Phonopy [25] use density functional theory (DFT) to perform lattice dynamics 
calculations in harmonic and quasi-harmonic approximation. More recently, codes such as MDANSE 
[26], Alamode [27], and PhononA [28] were developed to address anharmonicity in lattice dynamics 
calculations. In this work, anharmonicity and the temperature dependence of the phonon spectrum were 
addressed via the TDEP method [8, 9, 10], which is a collection of tools for finite temperature lattice 
dynamics. The main algorithm of the code extracts interatomic force constants (IFCs) from sets of 
displacements and forces them by fitting them to coefficients in an effective lattice dynamical 
Hamiltonian. Lattice dynamics theory shows that the displacement of the atom from its equilibrium 
position in the lattice changes the potential energy of the lattice. As the temperature changes, it disorders 
the lattice, changing the atomic positions of all atoms in the lattice. The total potential energy of the 
lattice can be modeled as a Taylor expansion of potential energy contributions at each atom’s position in 
the lattice. For an atom i whose position is defined as displacement ui from an equilibrium position Ri + 
τi, in which Ri is the lattice vector and τi is the position in lattice: 

𝒓𝒓𝑖𝑖 = 𝑹𝑹𝑖𝑖 + 𝝉𝝉𝑖𝑖 + 𝒖𝒖𝑖𝑖,      (7) 

and the potential energy can be expended in terms of displacements as: 
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𝑈𝑈({𝒖𝒖}) = 𝑈𝑈𝑜𝑜 + ∑ ∑ 𝛷𝛷𝑖𝑖
𝛼𝛼𝑢𝑢𝑖𝑖𝛼𝛼𝛼𝛼𝑖𝑖 + 1

2!
∑ ∑ 𝛷𝛷𝑖𝑖𝑖𝑖

𝛼𝛼𝛽𝛽𝑢𝑢𝑖𝑖𝛼𝛼𝑢𝑢𝑖𝑖
𝛽𝛽

𝛼𝛼𝛽𝛽𝑖𝑖𝑖𝑖 + 1
3!
∑ ∑ 𝛷𝛷𝑖𝑖𝑖𝑖𝑘𝑘

𝛼𝛼𝛽𝛽𝛾𝛾𝑢𝑢𝑖𝑖𝛼𝛼𝑢𝑢𝑖𝑖
𝛽𝛽𝑢𝑢𝑘𝑘

𝛾𝛾
𝛼𝛼𝛽𝛽𝛾𝛾𝑖𝑖𝑖𝑖𝑘𝑘 +

1
4!
∑ ∑ 𝛷𝛷𝑖𝑖𝑖𝑖𝑘𝑘𝑖𝑖

𝛼𝛼𝛽𝛽𝛾𝛾𝛼𝛼𝑢𝑢𝑖𝑖𝛼𝛼𝑢𝑢𝑖𝑖
𝛽𝛽𝑢𝑢𝑘𝑘

𝛾𝛾𝑢𝑢𝑖𝑖
𝛾𝛾

𝛼𝛼𝛽𝛽𝛾𝛾𝛼𝛼𝑖𝑖𝑖𝑖𝑘𝑘𝑖𝑖 + ⋯,    (8) 

where U0 is the potential energy of the static lattice, and αβγδ are Cartesian indices. The coefficients of a 
Taylor series expansion, denoted by Φ, that are derivatives of potential energy with respect to the 
displacements of atoms are called IFCs or Born-von Kármán force constants. The basic idea of effective 
phonon theories is to sample a Born-Oppenheimer surface and produce an effective Hamiltonian. The 
crystal Hamiltonian is equal to: 

𝐻𝐻� = 𝑈𝑈𝑜𝑜 + ∑ 𝒑𝒑𝑖𝑖
2

2𝑚𝑚𝑖𝑖
𝑖𝑖 + 1

2!
∑ ∑ 𝛷𝛷𝑖𝑖𝑖𝑖

𝛼𝛼𝛽𝛽𝑢𝑢𝑖𝑖𝛼𝛼𝑢𝑢𝑖𝑖
𝛽𝛽

𝛼𝛼𝛽𝛽𝑖𝑖𝑖𝑖 + 1
3!
∑ ∑ 𝛷𝛷𝑖𝑖𝑖𝑖𝑘𝑘

𝛼𝛼𝛽𝛽𝛾𝛾𝑢𝑢𝑖𝑖𝛼𝛼𝑢𝑢𝑖𝑖
𝛽𝛽𝑢𝑢𝑘𝑘

𝛾𝛾
𝛼𝛼𝛽𝛽𝛾𝛾𝑖𝑖𝑖𝑖𝑘𝑘  ,   (9) 

where pi is the momentum, Φij are the second-order IFCs, and Φijk are third-order IFCs. The Born-
Oppenheimer surface can be sampled by Born-Oppenheimer MD (i.e., ab initio MD [AIMD]) or by 
stochastic sampling [11]. Both methods produce displacements and forces that can be fitted to the 
effective Hamiltonian. For this work, stochastic sampling was used, as introduced in Shulumba, Hellman, 
and Minnich [11] and described in more detail in Kim et al. [29] in which nuclear quantum effects were 
also studied. In this work, only phonon spectra from second-order IFCs were studied, but the follow-up 
paper that is in preparation will study the effects of including third- and fourth- order IFCs while also 
including nuclear quantum effects, which are highly prevalent for materials that include hydrogen. 

The approach to sampling the Born-Oppenheimer surface had two parts. The first part was calculating 
temperature-dependent lattice constants, and the second part was calculating forces generated from 
temperature-dependent stochastic samples. In both cases, VASP was used, which is a package for 
performing ab initio quantum-mechanical MD simulations with pseudopotentials or the projector-
augmented wave method and a plane wave basis set [30, 31, 32]. For the force calculations, the GPU port 
of VASP [33, 34] was used. 

A supercell of 96 atoms was used to calculate temperature-dependent lattice constants. Two methods 
were used; one calculated lattice constants from AIMD, and the second used the quasi-harmonic 
approximation (QHA), as implemented in Phonopy. Although the obtained values for lattice constants 
from AIMD were slightly undercalculated, the method served as a check for which the exchange-
correlation function should be used for calculating forces. According to the “YH2 Crystal Structure” data 
sheet [35], the density of YH2 at 295 K is 4.27 g/cm3. A set of 20 picoseconds simulations were 
performed with a time step of 1 femtosecond and NPT calculations with different exchange-correlation 
functionals at 295 K. The summary of calculated densities is shown in Table 3. 

Table 3. The summary of calculated densities of YH2 at 295 K using different  
exchange-correlation functionals. 

Functional Density (g/cm3) Standard deviation 
LDA 4.42252 0.02712 
GGA-PBE 4.19189 0.03206 
GGA-PBE DFT-D2 4.37922 0.02813 
GGA-PBE DFT-D3-BJ 4.33043 0.03189 
GGA-rPBE 4.09662 0.02924 
GGA-rPBE DFT-D3-BJ 4.35327 0.02978 
GGA-BLYP 4.06174 0.02819 
GGA-BLYP DFT-D2 4.36413 0.03151 
GGA-PBEsol 4.32336 0.02729 
GGA-AM05 4.30513 0.02871 
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The GGA-AM05 functional was chosen for subsequent calculations. To calculate the lattice constant at 
5 K, the system was cooled over a period of 10 picoseconds, equilibriated for an initial 2 picoseconds, and 
then further equilibriated for 20 picoseconds to calculate the lattice constant. The lattice constant at 550 K 
was calculated by heating the 295 K structure over 10 picoseconds, with an initial equailibriation over 
2 picoseconds followed by 20 picoseconds to calculate the lattice constant. Then, by using the same 
procedure, the lattice constant at 800 K was determined by heating from 550 to 800 K. The summary of 
lattice constants obtained from AIMD and QHA is shown in Table 4. 

Table 4. The summary of lattice constants for YH2 obtained from  
AIMD and QHA. The units are in Å. 

Method 5 K 295 K 550 K 800 K 
AIMD 5.16407782 5.18855749 5.2090923300 5.23391035 
QHA 5.20380930 5.21000170 5.22406131 5.24407152 

Lattice constants calculated via the QHA method—for which the value at 5 K was in line with the 
experimentally obtained value of 5.2032 Å at 90 K in Daou and Vajda [36]—were used to generate 
stochastic samples by the “canonical_configuration” module of TDEP at temperatures that correspond to 
the measurements. For force calculations, a 4 × 4 × 4 supercell was used with a primitive unit cell that 
had three atoms—one yttrium and two hydrogen atoms—for a total of 192 atoms. Force calculations were 
performed using a 5 × 5 × 5 k-points grid in VASP with the following parameters: IBRION = -1, 
ISIF = 2, Prec = Accurate, ENCUT = 500, EDIFF = 1.0E-9, ISMEAR = 2 with SIGMA = 0.01, 
IALGO = 38, ADDGRID = .TRUE., and LREAL = Auto flags. For the most accurate force calculation, it 
is desirable to use the LREAL = .FALSE. flag, but due to the use of a GPU VASP port, which only 
accepts LREAL = Auto or .TRUE., the authors had to settle with slightly less precise force calculations. 
They tried to compensate for this by performing an extra iteration of s-TDEP force calculations. s-TDEP 
is an iterative procedure that continues until the IFCs are converged. The authors started with two samples 
generated by the “canonical_configuration” module of TDEP, performed VASP forces calculations, and 
extracted IFCs by using TDEP. This was followed by generating four new stochastic samples by 
“canonical_configuration” with the IFCs from the two samples in a previous iteration. After VASP force 
calculations, 4 + 2 IFCs were extracted, eight new stochastic samples were generated, and this procedure 
was repeated until the IFCs converged. Complete IFC convergence was observed on the seventh iteration 
(i.e., 254 VASP force calculations). 

Phonon dispersion relations can be calculated by using the “phonon_dispersion_relations” module of 
TDEP from second-order IFCs by calculating the eigenvalues and eigenvectors of the dynamical matrix 
over the Brillouin zone: 

𝜔𝜔𝒒𝒒2𝝐𝝐𝒒𝒒 = 𝚽𝚽(𝒒𝒒)𝝐𝝐𝒒𝒒,      (10) 

where 𝜔𝜔𝒒𝒒𝒒𝒒2  are the eigenvalues, 𝝐𝝐𝒒𝒒𝒒𝒒 are eigenvectors, and the partial derivatives of the dynamical matrix 
are equal to: 

𝜕𝜕𝚽𝚽(𝒒𝒒)
𝜕𝜕𝑞𝑞𝛼𝛼

= ∑ 𝑖𝑖𝑅𝑅𝛼𝛼𝚽𝚽ij(𝑹𝑹)

�𝑚𝑚𝑖𝑖𝑚𝑚𝑗𝑗
𝑹𝑹 𝑒𝑒𝑖𝑖𝒒𝒒⋅𝑹𝑹 .     (11) 

The calculated phonon dispersion lines along the high symmetry points in the first Brillouin zone are 
shown in Figure 4. There are three lower energy acoustic modes and six higher energy optical modes. 
Vibrations of yttrium atoms are mostly responsible for acoustic modes, and vibrations of hydrogen atoms 
are dominant for optical modes. 
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Figure 4.The calculated phonon dispersion lines at 5 K for YH2 from the “phonon_dispersion_relations” 
module of TDEP. The symbols on the x-axis represent the high symmetry points in the first Brillouin zone. 

The phonon DOS can also be calculated with the “phonon_dispersion_relations” module of TDEP by 
using:  

𝑔𝑔𝑠𝑠(𝜔𝜔) = (2𝜋𝜋)3

𝑉𝑉 ∫ 𝛿𝛿�𝜔𝜔 − 𝜔𝜔𝒒𝒒𝑠𝑠�𝑑𝑑𝒒𝒒𝐵𝐵𝐵𝐵  ,     (12) 

for each vibrational mode, s. The atomic contribution for each atom i is: 

𝑔𝑔𝑖𝑖(𝜔𝜔) = (2𝜋𝜋)3

𝑉𝑉
∑ ∫ �𝜖𝜖𝒒𝒒𝑠𝑠𝑖𝑖 �

2
𝛿𝛿�𝜔𝜔 − 𝜔𝜔𝒒𝒒𝑠𝑠�𝑑𝑑𝒒𝒒𝐵𝐵𝐵𝐵𝑠𝑠 ,    (13) 

which can be summed up to the total DOS. The total phonon spectrum with contributions from each 
vibrational mode (i.e., different colored lines under the total DOS curve) can be observed in Figure 5(a). 



 

11 

 

Figure 5. (a) The calculated phonon spectrum at 5 K. The green line corresponds to the total phonon density 
of states, and the other lines correspond to each vibrational mode. (b) The comparison between ENDF/B-

VIII.0 phonon spectrum and s-TDEP phonon spectrum at 5 K. (c) The temperature dependence of s-TDEP-
calculated phonon spectra. 
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The comparison between the current ENDF/B-VIII.0 library for YH2 [6] and the s-TDEP-calculated 
phonon spectrum can be observed in Figure 5(b). The ENDF/B-VIII.0 phonon spectrum was notably 
calculated by using VASP and PHONON codes with a lattice constant of 5.2032 Å. The ENDF/B-VIII.0 
library uses the same phonon spectrum to generate the thermal scattering law at different temperatures 
from 293.6 to 1,600 K. The goal of this work is to use TDEP to calculate the temperature dependence of 
the phonon spectrum and compare it with the experiments. s-TDEP-calculated phonon spectra at different 
temperatures can be observed in Figure 5(c). 

Section 4.1.2 details the discussion regarding the differences between s-TDEP phonon spectra at different 
temperatures and the comparison with ENDF/B-VIII.0 phonon spectrum, aided by comparison with the 
measurements. 

4. RESULTS 

4.1 SEQUOIA AND ARCS 

4.1.1 Experimental Data 

A plot that shows the effect of temperature on the inelastic spectra of YH1.86 is shown in Figure 6. To 
better compare multiple experiments in one plot, the dynamic structure factor is integrated over Q-space 
and normalized to unity. The large peak at energy transfer = 0 represents the elastic peak and is an 
expected feature. For all of these plots, the experimental uncertainties are too small to be displayed on the 
plots unless stated otherwise and thus are not shown. Additionally, plots of the 2D dynamic structure 
factor at each incident energy at 5 K are shown in Figure 7. 
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Figure 6. Temperature comparison of Q-integrated dynamic structure factor of YH1.86 measured at 
SEQUOIA: (a) Ei = 45 meV, (b) Ei = 180 meV, and (c) Ei = 600 meV. 
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Figure 7. 2D mesh of the dynamic structure factors of YH1.86 measured at SEQUOIA at 5 K for three incident 
energy measurements. 

This work shows the expected features of the dynamic structure factor as temperature is increased, 
primarily that the higher temperature modes broaden out at positive energy transfer and a more 
pronounced mode at negative energy transfer. This is due to the difference in one-phonon scattering as a 
function of positive or negative energy transfer, described by: 

𝑆𝑆(𝑄𝑄,𝐸𝐸 > 0)~𝑒𝑒−〈𝑢𝑢𝐻𝐻
2 (𝑇𝑇)〉𝑄𝑄2[𝑛𝑛(𝐸𝐸,𝑇𝑇) + 1],    

𝑆𝑆(𝑄𝑄,𝐸𝐸 < 0)~𝑒𝑒−〈𝑢𝑢𝐻𝐻
2 (𝑇𝑇)〉𝑄𝑄2[𝑛𝑛(𝐸𝐸,𝑇𝑇)],    (14) 

where 〈𝑢𝑢𝐻𝐻2 (𝑇𝑇)〉 is the mean squared displacement of hydrogen atoms, 𝑒𝑒−〈𝑢𝑢𝐻𝐻
2 (𝑇𝑇)〉𝑄𝑄2 is the Debye Waller 

factor, and 𝑛𝑛(𝐸𝐸,𝑇𝑇) is the Bose population factor defined by: 

𝑛𝑛(𝐸𝐸,𝑇𝑇) = �𝑒𝑒
𝐸𝐸

𝑘𝑘𝐵𝐵𝑇𝑇 − 1�
−1

 .    (15) 

The Bose population factor increases with temperature, but n(E, T ) will increase relatively more for 
neutron energy gain sites (E < 0) than [n(E, T) + 1] for neutron energy lost sites (E > 0) because n(E, T) is 
almost zero at low temperature (T = 5 K). 

Figures 6(a) and 6(b) also show how the peak between 10 to 20 meV (i.e., the yttrium contribution to the 
spectra) increases as temperature increases, whereas the peaks between 100 to 150 meV (i.e., hydrogen 
contributions) decrease. Since the bound scattering cross section of hydrogen is much larger than for 
yttrium (82.02 b vs. 7.7 b), the spectra is mainly due to the scattering off of hydrogen. The 10–20 meV 
peak corresponds to yttrium vibrations, which cause hydrogen atoms to vibrate, whereas the 100–
150 meV range corresponds solely to hydrogen vibrations. Since the Debye Waller factor for hydrogen is 
almost the same for all energies, this also due to the Bose population factor contributions because the 
Bose population factor has a larger impact on the 10–20 meV range than on the 100–150 meV range. All 
three plots also show that increasing temperature changes the location of some of the peaks. This is most 
noticeable in the 600 meV plot between 100 to 150 meV. This is due to changes in the lattice constants as 
a function of temperature, as discussed in Section 3.3. 

A plot showing the Q-integrated spectra as a function of hydrogen concentration at 180 meV and 5 K is 
shown in Figure 8. From this plot, there appears to be only a small difference between the two different 
hydrogen concentrations. There could be a difference between the two in that the YH1.62 has a larger peak 
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around the 10–15 meV range and smaller peaks in the 100–150 meV range compared with YH1.86. Since 
the spectra are both normalized to unity, this indicates that the alpha yttrium contribution is more 
prominent in samples with smaller hydrogen concentration. Also, since hydrogen is mostly contained in 
the delta phase, the real formula for the hydride phase should be delta-YH1.81 for YH1.62 and delta-YH1.93 
for YH1.86. Therefore, the difference in hydrogen concentrations in the delta phases is 6.6%, as outlined in 
Table 1. 

 

Figure 8. Hydrogen concentration comparison of Q-integrated dynamic structure factor of YH1.62 and YH1.86 
for Ei = 180 meV at 5 K measured at SEQUOIA. 

The INS spectra from the ARCS beamline as a function of temperature are shown in Figure 9. Again, the 
shifting of the peak locations noticed from the SEQUOIA measurements is shown, albeit more 
prominently since the maximum temperature of the ARCS experiments was 1,200 K. A comparison of the 
ARCS and SEQUOIA data for the same temperature and incident energy is shown in Figure 10 in which 
the range of Q-values available from ARCS are shown to be different compared with the range from 
SEQUOIA due to the wider angular array of detectors at ARCS. Another plot comparing the spectra 
measured at the two spectrometers is shown in Figure 11 in which the Q-integrated spectra between the 
two are shown to be comparable with a few exceptions. The elastic peak is wider in the ARCS data 
because ARCS generally has a broader energy resolution. This can also be seen in the Ei = 180 meV plot 
at around 20 meV in which the acoustic peak is more noticeable in the SEQUOIA data than the ARCS 
data. 
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Figure 9. Temperature comparison of Q-integrated dynamic structure factor of YH1.87 measured at ARCS. 
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Figure 10. Instrument comparison of the 2D mesh of the dynamic structure factors at 295 K measured for 
Ei=180 meV neutrons of (a) YH1.86 at SEQUOIA and (b) YH1.87 at ARCS. 
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Figure 11. Instrument comparison of Q-integrated dynamic structure factors at 295 K for YH1.86 at 
SEQUOIA and YH1.87 at ARCS. 

 

4.1.2 Simulation of Measured Data 

To compare the experimental data, ENDF/B-VIII.0 library, and s-TDEP-calculated library, the SEQUOIA 
experimental setup was simulated in MCNP6.1 [37], as was done in Chapman et al. [20] and Ramić et al. 
[21, 22]. An improved resolution function was implemented in comparison with the previous model that 
used a Gaussian resolution function. A neutron beam profile at each incident energy was calculated by 
using MCViNE [38], which was used as an input to the MCNP6.1 calculation, and the respective 
resolution parameters for the SEQUOIA instrument were applied to the DDXS obtained from MCNP6.1. 
Thermal scattering libraries at different temperatures in ACE format for MCNP6.1 were calculated from 
respective phonon spectra with NJOY2016. 
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Figures 12, 13, 14, and 15 show the comparison between the experiments and MCNP-calculated DDXS 
from ENDF/B-VIII.0 and s-TDEP phonon spectra at 5, 295, 550, and 800 K. Figures 12(a), 13(a), 14(a), 
and 15(a) show that the acoustic peak locations are slightly under-calculated. This can also be observed in 
the comparison between ENDF/B-VIII.0 and the s-TDEP phonon spectra in Figure 5(b). From 
Figures 12(a), 13(a), 14(a), and 15(a), it can also be inferred that the locations of the acoustic peaks are 
shifted to lower energies with the rising temperature and thus are over-calculated by the ENDF/B-VIII.0 
library at higher temperatures. The shifts in the acoustic phonon peak locations as a function temperature 
with Ei = 45 meV can be also observed in Figures 6(a) and 9(a). At 180 meV incident energy, 
Figures 6(b) and 9(b) also show shifts in the optical peaks to lower energy (i.e., “softening”) as the 
temperature increases from 295 to 1,200 K. 



 

20 

 

Figure 12. DDXS comparison between ENDF/B-VIII.0 and s-TDEP at 5 K, 25° scattering angle, and 45, 180, 
and 600 meV incident energies. 
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Figure 21. DDXS comparison between ENDF/B-VIII.0 and s-TDEP at 295 K, 25° scattering angle, and 45, 
180, and 600 meV incident energies. 
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Figure 22. DDXS comparison between ENDF/B-VIII.0 and s-TDEP at 295 K, 25° scattering angle, and 45, 
180, and 600 meV incident energies. 
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Figure 23. DDXS comparison between ENDF/B-VIII.0 and s-TDEP at 295 K, 25° scattering angle, and 45, 
180, and 600 meV incident energies. 
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Each data trend, from 5 to 800 K, can be observed in s-TDEP-calculated phonon spectra in Figure 5(c)—
although 5 and 295 K phonon spectra slightly under-calculate the location of the first peak in the optical 
region in comparison with the experimental data—and in the DDXS calculated data in Figures 12(b), 
13(b), 14(b), and 15(b). At 600 meV incident energy, the multiple phonon scattering contributions to 
DDXS spectra are observed. From Figures 12(c), 13(c), 14(c), and 15(c), the fundamental mode with a 
peak around 130 meV is observed to be calculated correctly, whereas the overtones are slightly shifted to 
higher energies. This is mostly due to the anharmonicity of YHx, which is not replicated by the LEAPR 
module of NJOY2016. When calculating multiple phonon contributions, LEAPR convolutes the 
fundamental mode phonon spectrum with itself. In Figures 12(b), 13(b), 14(b), and 15(b), the authors 
noted that they should be able to observe the shifts of optical peaks to lower energies as temperature 
increases, but that is even more pronounced in Figures 12(c), 13(c), 14(c), and 15(c). The trend can be 
observed in the first fundamental peak around 130 meV but is even more clear in the overtones in which 
the shift to lower energies is more pronounced. 

An χ2 test with respect to the experimental data was performed at each incident energy and temperature 
combination for MCNP-calculated DDXS for which the MCNP calculations were performed for 
11 scattering angles from 5 to 55°, and the average values for χ2 summed over all angles at respective 
combinations of incident energies and temperatures are presented in Table 5. Averaged over all 
combinations of incident energies and temperatures, ENDF/B-VIII.0 χ2 is slightly lower than the s-TDEP 
χ2 value, but that is mainly due to χ2 contributions at 180 meV incident energies, which are consistently 
higher for s-TDEP than ENDF/B-VIII.0. For 45 and 600 meV incident energies, the χ2 value for s-TDEP 
is lower than for ENDF/B-VIII.0 across all the temperatures except the outlier for 45 meV at 5 K. The 
biggest discrepancy in χ2 at 180 meV incident energies is at 295 K, and χ2 contributions at each individual 
data point can be observed in Figure 16. 

Table 5. The summary of χ2 values calculated for ENDF/B-VIII.0 and s-TDEP DDXS curves with respect to 
the experimental data across all combinations of temperatures and incident energies. 

Temperature (K) Ei (meV) ENDF/B-VIII.0 χ2 s-TDEP χ2 

5 
45 0.10776 0.10878 

180 0.07133 0.08381 
600 0.41791 0.36023 

295 
45 0.15404 0.14944 

180 0.08614 0.43259 
600 0.24711 0.24260 

550 
45 0.16540 0.15563 

180 0.12711 0.15673 
600 0.23640 0.23091 

800 
45 0.16119 0.14555 

180 0.19037 0.23393 
600 0.26430 0.24877 
Average: 0.18575 0.21241 
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Figure 16. χ2 individual data point comparison between ENDF/B-VIII.0 and s-TDEP at 295 K, 25° scattering 
angle, and 180 meV incident energy. 

As shown in Figure 16, the biggest contribution for s-TDEP χ2 comes in the 0–20 meV range in which the 
acoustic peak is being under-calculated and in the 130–150 meV range in which the width of the optical 
vibrational region is narrower than in ENDF/B-VIII.0 phonon spectrum. Figures 12(b) and 13(b) show 
that s-TDEP is better at calculating the location of the second peak in the optical region (around 
126 meV), which ENDF/B-VIII.0 places around 128.2 meV. This means that the reason for better χ2 
values at 180 meV (i.e., the bigger width of the optical region in ENDF/B-VIII.0) is not physically 
accurate. The authors’ preliminary work on the phonon spectra from third- and fourth-order IFCs, which 
will be published in the follow-up paper that is in preparation, shows that those contributions from higher 
order terms in Taylor expansion for potential energy account for the increased width of the vibrational 
region, and hence the χ2 test by itself should not be used as the final measure of performance for these 
thermal scattering libraries in neutron transport calculations for the DDXS calculated from the phonon 
spectra from second-order IFCs. In the authors’ previous works [21, 22], they show that how these 
libraries calculate the total cross section it is more important. The authors are currently planning total 
cross section measurements to be performed at the Rensselaer Polytechnic Institute Linear Accelerator for 
different hydrogen concentrations in YHx and across a similar temperature range as performed in this 
work. Although s-TDEP and ENDF/B-VIII.0 perform similarly at lower temperatures, s-TDEP does a 
better job at higher temperatures, especially at 800 K, due to the shifts of acoustical and optical regions to 
lower energies. This is also pronounced at higher temperatures up to 1,200 K, and s-TDEP in the 
preliminary results at these temperatures also leads to improvement compared with ENDF/B-VIII.0. 
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4.2 VISION 

4.2.1 Experimental Data 

Results from the VISION experiment at 5 K as a function of the hydrogen concentration are shown in 
Figure 17. A plot that shows the change in spectra as a function of temperature is shown in Figure 18. In 
these plots, each dataset is normalized to a proton charge, which correlates to the number of neutrons 
impinging on the sample. 

 

Figure 17. Hydrogen concentration comparison of VISION data of YHx  
for x = 1.62, 1.74, 1.86, and 1.90 at 5 K. 
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Figure 18. Temperature comparison of VISION data of YH1.86 at 5 and 293 K. 

From these plots, there is no noticeable difference between the samples as a function of hydrogen 
concentration in the magnitude of the peaks or their location. This was also seen in the SEQUOIA data in 
Figure 8 but is more prominently shown in Figure 17. One reason for this is due to the yttrium hydride 
phase diagram, shown in Figure 19. The phases at 0°C and 5 K are the same, and the hydrogen 
concentrations of YHx for x = 1.62, 1.74, 1.86, and 1.90 correspond to an atomic percent of hydrogen of 
61.8, 63.5, 65.0, and 65.5 %, respectively. All of these samples are within the mixed alpha-yttrium and 
delta-YH2 phase, and it does not appear that the small change in atomic percent hydrogen makes a 
significant difference in these measurements. 
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Figure 19. Yttrium hydride phase diagram. 

There is evidence to suggest that the potential well for hydrogen in YHx is anharmonic at energy transfers 
greater than 300 meV. To further show this, the high-Q data at 5 K are plotted against multiphohon 
spectra calculated in the harmonic approximation [39] and the Sjölander approximation [40] by using the 
spectra in the range of the fundamental modes (i.e., the spectra between E = 0 to 150 meV) in Figure 19. 
There is a significant red shift of the lower peaks, as indicated by the arrows, compared with the harmonic 
approximation calculations. 

4.2.2 Simulation of Measured Data 

Unlike the ARCS and SEQUOIA simulations, the VISION spectra can be extracted directly from the 
dynamic structure factor calculated for analysis in Section 4.1.2. After applying the VISION detector 
resolution function, the resulting spectrum can be directly compared with the experimental data. These 
results are shown in Figure 20. The magnitudes of the simulated peaks agree favorably with the VISION 
data with two notable exceptions: (1) the second peak of the fundamental mode near E = 130 meV and 
(2) the magnitude of the anharmonic peaks denoted by the arrows in Figure 19. Overall, there is a slight 
shift of the s-TDEP results toward the correct location of the peaks; however, much like the ARCS and 
SEQUOIA comparison, the differences between the ENDF/B-VIII.0 and s-TDEP results are small. This 
could indicate that more advanced methods are needed to calculate the multiphonon scattering 
contributions to the overall spectra. Figure 21 shows a comparison of VISION data against ENDF/B-
VIII.0 and s-TDEP for YH1.86 at 5 K. 
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Figure 20. Comparison of VISION high-Q 5 K experimental data with  
multiphonon harmonic and Sjölander approximations. 
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Figure 21. Comparison of VISION data against ENDF/B-VIII.0 and s-TDEP for YH1.86 at 5 K. 

 
5. CONCLUSIONS AND FUTURE WORK 

The dynamic structure factors of yttrium hydride with H/Y atomic ratios from 1.62 to 1.90 were measured 
with the SEQUOIA, ARCS, and VISION instruments at SNS in the temperature range of 5 to 1,200 K to 
capture the temperature and hydrogen concentration dependence. The VISION measurement of the 
selected YHx samples indicated anharmonic effects. These experiments provide a platform to validate the 
currently available ENDF/B-VIII.0 thermal scattering files and demonstrate the need for more accurate 
thermal scattering files to capture the temperature broadening and anharmonic effects. This work showed 
that the s-TDEP method can be used to calculate the temperature dependence of the phonon spectrum for 
YH∼2 samples. The method correctly predicts the softening of optical peaks from 295 to 800 K. 
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The acoustic peaks are slightly under-calculated, and denser 7 × 7 × 7 k-points force calculations will be 
performed for the follow-up paper via VASP to check whether it will lead to improvement. The phonon 
spectra used in this work were calculated from only second-order IFCs. The follow-up work will present 
the results from phonon spectra obtained by using third- and fourth-order IFCs, which can be calculated 
via the TDEP method. A study on including nuclear quantum effects will also be performed with 
contributions from second-, third-, and fourth-order IFCs. Additionally, s-TDEP calculations will be 
performed for temperatures up to 1,200 K that are complementary to the ones done in this work up to 
800 K. Modeling and comparison with ARCS experimental data will be also performed with an improved 
input file that will better replicate the full ARCS detector setup. Thermodynamic quantities will also be 
calculated at all temperatures, such as specific heat capacity, mode Gruneisen parameters, and lattice 
thermal conductivity. 

One phenomena that was briefly mentioned involves the location of the hydrogen atom in the YHx lattice. 
At room temperature, the location is known to favor the tetrahedral sites in the delta-YH2 lattice, but it is 
unclear how this changes as a function of temperature. It is also possible that some of the higher 
temperature spectra might be described by new vibrational states in the phonon DOS. This will be 
investigated with the higher order, high-temperature s-TDEP calculations. 
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APPENDIX A. ADDITIONAL PLOTS OF EXPERIMENTAL DATA 

 



 

 

 



 

 

APPENDIX A: ADDITIONAL PLOTS OF EXPERIMENTAL DATA 

 

 
Figure 22. 2D mesh of the dynamic structure factors of YH1.62 measured at SEQUOIA at 5 K for three 

incident energy measurements. 

 

 
Figure 23. 2D mesh of the dynamic structure factors of YH1.86 measured at SEQUOIA at 295 K for three 

incident energy measurements. 

 

 
Figure 24. 2D mesh of the dynamic structure factors of YH1.86 measured at SEQUOIA at 800 K for three 

incident energy measurements. 



 

 

 
Figure 25. 2D mesh of the dynamic structure factors of YH1.87 measured at ARCS at 295 K for three incident 

energy measurements. 

 

 
Figure 26. 2D mesh of the dynamic structure factors of YH1.87 measured at ARCS at 800 K for three incident 

energy measurements. 

 

 
Figure 27. 2D mesh of the dynamic structure factors of YH1.87 measured at ARCS at 1200 K for three incident 

energy measurements. 

 



 

 

APPENDIX B. SAMPLE VASP INPUT 

 
 



 

 

 

 



 

 

APPENDIX B: SAMPLE VASP INPUT 

PREC    = Accurate 
IBRION  = -1 
ENCUT   = 500 
EDIFF   = 1.0e-08 
ISMEAR  = 2 
SIGMA   = 0.01 
IALGO   = 38 
LREAL   = Auto 
LWAVE   = .FALSE. 
LCHARG  = .FALSE. 
GGA     = AM 
ISIF    = 2 
ADDGRID = TRUE 
KPAR    = 5 
 
  



 

 

APPENDIX C. NJOY2016 INPUTS 

 
 
 



 

 

 

 



 
 

C-4 
 

APPENDIX C: NJOY2016 INPUTS 

leapr 
30 
'H in YH2, all temperatures, s-TDEP'/ 
8 1 100/ 
5 105/ 
.9991673 20.43634 2 0 0 0/ 
0/ 
107 401 1/ 
1.00000E-3 1.25893E-3 1.58489E-3 1.99526E-3 2.51189E-3  
3.16228E-3 3.98107E-3 5.01187E-3 6.30957E-3 7.94328E-3  
1.00000E-2 1.25893E-2 1.58489E-2 1.99526E-2 2.51189E-2 
3.16228E-2 3.98107E-2 5.01187E-2 6.30957E-2 7.94328E-2  
1.00000E-1 1.25893E-1 1.58489E-1 1.99526E-1 2.51189E-1  
3.16228E-1 3.98107E-1 5.01187E-1 6.30957E-1 7.94328E-1  
1.00000E+0 1.12202E+0 1.25893E+0 1.41254E+0 1.58489E+0  
1.77828E+0 1.99526E+0 2.23872E+0 2.51189E+0 2.81838E+0  
3.16228E+0 3.54813E+0 3.98107E+0 4.46684E+0 5.01187E+0  
5.62341E+0 6.30957E+0 7.07946E+0 7.94328E+0 8.91251E+0  
1.00000E+1 1.12202E+1 1.25893E+1 1.41254E+1 1.58489E+1  
1.77828E+1 1.99526E+1 2.23872E+1 2.51189E+1 2.81838E+1  
3.16228E+1 3.54813E+1 3.98107E+1 4.46684E+1 5.01187E+1  
5.62341E+1 6.30957E+1 7.07946E+1 7.94328E+1 8.91251E+1  
1.00000E+2 1.12202E+2 1.25893E+2 1.41254E+2 1.58489E+2  
1.77828E+2 2.00000E+2 2.20000E+2 2.40000E+2 2.60000E+2  
2.80000E+2 3.00000E+2 3.20000E+2 3.40000E+2 3.60000E+2  
3.80000E+2 4.00000E+2 4.20000E+2 4.40000E+2 4.60000E+2 
4.80000E+2 5.00000E+2 5.20000E+2 5.40000E+2 5.60000E+2  
5.80000E+2 6.00000E+2 6.20000E+2 6.40000E+2 6.60000E+2 
6.80000E+2 7.00000E+2 7.20000E+2 7.40000E+2 7.60000E+2 
7.80000E+2 8.00000E+2 / alpha grid 
0.00000E+0 3.95257E-2 7.90514E-2 1.18577E-1 1.58103E-1  
1.97628E-1 2.37154E-1 2.76680E-1 3.16206E-1 3.55731E-1  
3.95257E-1 4.34783E-1 4.74308E-1 5.13834E-1 5.53360E-1  
5.92885E-1 6.32411E-1 6.71937E-1 7.11462E-1 7.50988E-1  
7.90514E-1 8.30040E-1 8.69565E-1 9.09091E-1 9.48617E-1  
9.88142E-1 1.02767E+0 1.06719E+0 1.10672E+0 1.18577E+0 
1.34387E+0 1.66008E+0 2.29249E+0 2.92490E+0 3.55731E+0 
3.87352E+0 4.18972E+0 4.34783E+0 4.42688E+0 4.46640E+0 
4.50593E+0 4.54545E+0 4.58498E+0 4.62451E+0 4.66403E+0 
4.70356E+0 4.74308E+0 4.78261E+0 4.82213E+0 4.86166E+0  
4.90119E+0 4.94071E+0 4.98024E+0 5.01976E+0 5.05929E+0  
5.09881E+0 5.13834E+0 5.17787E+0 5.21739E+0 5.25692E+0  
5.29644E+0 5.33597E+0 5.37549E+0 5.41502E+0 5.45455E+0  
5.49407E+0 5.53360E+0 5.57312E+0 5.61265E+0 5.69170E+0 
5.84980E+0 6.16601E+0 6.79842E+0 7.43083E+0 8.06324E+0 
8.37945E+0 8.61660E+0 8.77470E+0 8.85375E+0 8.93281E+0  
9.01186E+0 9.09091E+0 9.16996E+0 9.24901E+0 9.32806E+0  
9.40711E+0 9.48617E+0 9.56522E+0 9.64427E+0 9.72332E+0 
9.80237E+0 9.88142E+0 9.96047E+0 1.00395E+1 1.01186E+1  
1.01976E+1 1.02767E+1 1.03557E+1 1.04348E+1 1.05138E+1  
1.05929E+1 1.06719E+1 1.07510E+1 1.08300E+1 1.09091E+1  



 
 

C-5 
 

1.09881E+1 1.10672E+1 1.11462E+1 1.12253E+1 1.13834E+1 
1.16996E+1 1.23320E+1 1.29644E+1 1.32806E+1 1.33992E+1 
1.35178E+1 1.36364E+1 1.37549E+1 1.38735E+1 1.39921E+1  
1.41107E+1 1.42292E+1 1.43478E+1 1.44664E+1 1.45850E+1  
1.47036E+1 1.48221E+1 1.49407E+1 1.50593E+1 1.51779E+1  
1.52964E+1 1.54150E+1 1.55336E+1 1.56522E+1 1.57708E+1  
1.58893E+1 1.60079E+1 1.61265E+1 1.62451E+1 1.63636E+1  
1.64822E+1 1.66008E+1 1.67194E+1 1.68379E+1 1.71542E+1 
1.74704E+1 1.77075E+1 1.78656E+1 1.80237E+1 1.81818E+1  
1.83399E+1 1.84980E+1 1.86561E+1 1.88142E+1 1.89723E+1  
1.91304E+1 1.92885E+1 1.94466E+1 1.96047E+1 1.97628E+1  
1.99209E+1 2.00791E+1 2.02372E+1 2.03953E+1 2.05534E+1  
2.07115E+1 2.08696E+1 2.10277E+1 2.11858E+1 2.13439E+1  
2.15020E+1 2.16601E+1 2.18182E+1 2.19763E+1 2.21344E+1 
2.22925E+1 2.24506E+1 2.26482E+1 2.28458E+1 2.30435E+1  
2.32411E+1 2.34387E+1 2.36364E+1 2.38340E+1 2.40316E+1  
2.42292E+1 2.44269E+1 2.46245E+1 2.48221E+1 2.50198E+1  
2.52174E+1 2.54150E+1 2.56126E+1 2.58103E+1 2.60079E+1  
2.62055E+1 2.64032E+1 2.66008E+1 2.67984E+1 2.69960E+1  
2.71937E+1 2.73913E+1 2.75889E+1 2.77866E+1 2.79842E+1 
2.82213E+1 2.84585E+1 2.86957E+1 2.89328E+1 2.91700E+1  
2.94071E+1 2.96443E+1 2.98814E+1 3.01186E+1 3.03557E+1  
3.05929E+1 3.08300E+1 3.10672E+1 3.13043E+1 3.15415E+1  
3.17787E+1 3.20158E+1 3.22530E+1 3.24901E+1 3.27273E+1  
3.29644E+1 3.32016E+1 3.34387E+1 3.36759E+1 3.39526E+1  
3.42292E+1 3.45059E+1 3.47826E+1 3.50593E+1 3.53360E+1  
3.56126E+1 3.58893E+1 3.61660E+1 3.64427E+1 3.67194E+1  
3.69960E+1 3.72727E+1 3.75494E+1 3.78261E+1 3.81028E+1  
3.83794E+1 3.86561E+1 3.89328E+1 3.92095E+1 3.95257E+1  
3.98419E+1 4.01581E+1 4.04743E+1 4.07905E+1 4.11067E+1  
4.14229E+1 4.17391E+1 4.20553E+1 4.23715E+1 4.26877E+1  
4.30040E+1 4.33202E+1 4.36364E+1 4.39526E+1 4.42688E+1 
4.45850E+1 4.49012E+1 4.52569E+1 4.56126E+1 4.59684E+1  
4.63241E+1 4.66798E+1 4.70356E+1 4.73913E+1 4.77470E+1  
4.81028E+1 4.84585E+1 4.88142E+1 4.91700E+1 4.95257E+1  
4.98814E+1 5.02372E+1 5.05929E+1 5.09881E+1 5.13834E+1  
5.17787E+1 5.21739E+1 5.25692E+1 5.29644E+1 5.33597E+1  
5.37549E+1 5.41502E+1 5.45455E+1 5.49407E+1 5.53360E+1 
5.57312E+1 5.61265E+1 5.69170E+1 5.77075E+1 5.84980E+1  
5.92885E+1 6.00791E+1 6.08696E+1 6.16601E+1 6.24506E+1  
6.32411E+1 6.40316E+1 6.48221E+1 6.56126E+1 6.64032E+1  
6.71937E+1 6.79842E+1 6.87747E+1 6.95652E+1 7.03557E+1  
7.11462E+1 7.19368E+1 7.27273E+1 7.35178E+1 7.43083E+1  
7.50988E+1 7.58893E+1 7.66798E+1 7.74704E+1 7.82609E+1 
7.90514E+1 8.06324E+1 8.22134E+1 8.37945E+1 8.53755E+1  
8.69565E+1 8.85375E+1 9.01186E+1 9.16996E+1 9.32806E+1  
9.48617E+1 9.64427E+1 9.80237E+1 9.96047E+1 1.01186E+2  
1.02767E+2 1.04348E+2 1.05929E+2 1.07510E+2 1.09091E+2  
1.10672E+2 1.12253E+2 1.13834E+2 1.15415E+2 1.16996E+2  
1.18577E+2 1.20158E+2 1.21739E+2 1.23320E+2 1.24901E+2 
1.26482E+2 1.28063E+2 1.29644E+2 1.31225E+2 1.32806E+2  
1.34387E+2 1.35968E+2 1.37549E+2 1.39130E+2 1.40711E+2  
1.42292E+2 1.43874E+2 1.45455E+2 1.47036E+2 1.48617E+2  
1.50198E+2 1.51779E+2 1.53360E+2 1.54941E+2 1.56522E+2  
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1.58103E+2 1.59684E+2 1.61265E+2 1.62846E+2 1.64427E+2 
1.66008E+2 1.67589E+2 1.69170E+2 1.70751E+2 1.72332E+2 
1.73913E+2 1.75494E+2 1.77075E+2 1.78656E+2 1.80237E+2 
1.81818E+2 1.83399E+2 1.84980E+2 1.86561E+2 1.88142E+2 
1.89723E+2 1.91304E+2 1.92885E+2 1.94466E+2 1.96047E+2 
1.97628E+2 / beta grid 
20/ temperature (K) 
0.0005 294/  phonon frequency distribution 
0.00000E+00 2.89588E-07 3.78977E-06 1.34575E-05 2.11810E-05 2.94223E-05 
5.46600E-05 6.45790E-05 6.86907E-05 1.11468E-04 1.37214E-04 1.40964E-04 
1.93821E-04 2.12952E-04 2.48832E-04 3.09178E-04 3.19447E-04 3.69179E-04 
4.38330E-04 4.68764E-04 5.33639E-04 5.88122E-04 6.55816E-04 7.25116E-04 
7.96859E-04 8.88532E-04 1.01670E-03 1.16550E-03 1.36434E-03 1.41136E-03 
1.36042E-03 1.21123E-03 9.60404E-04 7.76159E-04 6.50997E-04 5.66179E-04 
4.97161E-04 4.58790E-04 4.19258E-04 3.37641E-04 2.72474E-04 2.42682E-04 
2.37987E-04 2.00832E-04 1.29635E-04 8.43748E-05 5.76216E-05 3.60422E-05 
1.84986E-05 6.27031E-06 7.65845E-07 4.12050E-08 3.88714E-11 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 2.41260E-07 3.75841E-05 6.14737E-03 6.63705E-02 
2.21525E-01 3.02846E-01 3.05104E-01 2.90482E-01 2.37650E-01 1.69641E-01 
1.58467E-01 1.84197E-01 1.77131E-01 1.50732E-01 1.29729E-01 1.13496E-01 
9.38304E-02 7.52738E-02 6.19136E-02 5.31287E-02 5.84037E-02 8.48432E-02 
1.07736E-01 1.21586E-01 1.30485E-01 1.31317E-01 1.38059E-01 1.50076E-01 
1.58269E-01 1.68259E-01 1.79679E-01 1.64345E-01 1.11820E-01 7.53691E-02 
6.78677E-02 7.80422E-02 1.04606E-01 1.31766E-01 1.36427E-01 1.31435E-01 
1.33937E-01 1.24566E-01 7.75040E-02 4.96121E-02 4.69693E-02 4.69604E-02 
4.92622E-02 4.91902E-02 5.11983E-02 4.94050E-02 3.99295E-02 2.51076E-02 
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1.19024E-02 2.93017E-03 1.29119E-04 2.89348E-06 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
295/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 3.43163E-07 4.28383E-06 1.43740E-05 2.21009E-05 3.15569E-05 
5.97127E-05 6.70135E-05 7.46100E-05 1.21469E-04 1.42067E-04 1.55153E-04 
2.07430E-04 2.24571E-04 2.68376E-04 3.27693E-04 3.35255E-04 4.04970E-04 
4.58462E-04 4.99977E-04 5.62898E-04 6.19798E-04 6.89654E-04 7.64777E-04 
8.37237E-04 9.38899E-04 1.07307E-03 1.23786E-03 1.44112E-03 1.46817E-03 
1.39444E-03 1.22883E-03 9.72602E-04 7.92645E-04 6.65572E-04 5.83670E-04 
5.14120E-04 4.72750E-04 4.36444E-04 3.65114E-04 2.95532E-04 2.58761E-04 
2.53652E-04 2.49695E-04 1.78539E-04 1.08613E-04 7.40555E-05 4.88947E-05 
2.78709E-05 1.20478E-05 2.86535E-06 1.88900E-07 3.48604E-09 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 2.61943E-07 2.60829E-04 8.53100E-03 
7.65936E-02 2.60933E-01 3.60985E-01 3.28228E-01 2.59555E-01 1.91499E-01 
1.62092E-01 1.72430E-01 1.74193E-01 1.55670E-01 1.35655E-01 1.20144E-01 
1.07166E-01 9.34948E-02 7.55438E-02 6.26489E-02 5.28925E-02 4.98618E-02 
6.61974E-02 9.69748E-02 1.23862E-01 1.35354E-01 1.40909E-01 1.57114E-01 
1.72561E-01 1.82035E-01 1.88632E-01 1.81613E-01 1.51093E-01 1.00767E-01 
7.73867E-02 7.79627E-02 9.46567E-02 1.16802E-01 1.29155E-01 1.19173E-01 
1.09752E-01 1.06022E-01 9.83184E-02 7.52581E-02 5.04784E-02 4.51941E-02 
4.53444E-02 4.70921E-02 4.78151E-02 4.98543E-02 4.87745E-02 4.08307E-02 
2.66357E-02 1.36774E-02 3.85522E-03 2.50166E-04 7.36160E-06 0.00000E+00/ 
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0. 0. 1./  weights 
0/ 
550/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 3.69043E-07 4.51073E-06 1.48094E-05 2.25987E-05 3.22999E-05 
6.16991E-05 6.77449E-05 7.67336E-05 1.25865E-04 1.43707E-04 1.60864E-04 
2.11942E-04 2.29785E-04 2.78851E-04 3.34797E-04 3.42459E-04 4.18236E-04 
4.68895E-04 5.18248E-04 5.79283E-04 6.41660E-04 7.13610E-04 7.93998E-04 
8.69411E-04 9.84174E-04 1.13021E-03 1.31303E-03 1.50552E-03 1.50810E-03 
1.43532E-03 1.23224E-03 9.72959E-04 7.98661E-04 6.78125E-04 5.91510E-04 
5.22776E-04 4.81131E-04 4.33361E-04 3.56445E-04 2.93510E-04 2.57948E-04 
2.60203E-04 2.56071E-04 1.81593E-04 1.17487E-04 8.14076E-05 5.50319E-05 
3.31189E-05 1.52483E-05 4.17435E-06 5.40118E-07 1.13307E-08 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 1.03279E-08 3.25252E-06 9.63493E-04 2.12129E-02  
1.30424E-01 3.00086E-01 3.31159E-01 3.06141E-01 2.64445E-01 2.06477E-01 
1.87144E-01 1.82146E-01 1.76936E-01 1.56370E-01 1.34605E-01 1.15276E-01 
9.71079E-02 8.15010E-02 6.50072E-02 5.01755E-02 4.95303E-02 6.49634E-02 
9.53235E-02 1.26597E-01 1.44727E-01 1.51295E-01 1.60875E-01 1.71981E-01 
1.78503E-01 1.78576E-01 1.72517E-01 1.49374E-01 9.96772E-02 7.40487E-02 
7.25965E-02 8.76235E-02 1.11430E-01 1.28286E-01 1.20368E-01 1.11270E-01 
1.08604E-01 1.04377E-01 8.90935E-02 5.98999E-02 4.90975E-02 4.90167E-02 
5.07626E-02 5.19319E-02 5.32254E-02 4.77893E-02 3.34914E-02 1.80498E-02 
6.06457E-03 7.68475E-04 1.12516E-05 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
800/ temperature (K) 
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0.0005 282/  phonon frequency distribution 
0.00000E+00 4.76301E-07 5.28884E-06 1.59762E-05 2.36596E-05 3.66688E-05 
6.70886E-05 6.83644E-05 8.83295E-05 1.36716E-04 1.46262E-04 1.83692E-04 
2.22214E-04 2.42483E-04 3.09015E-04 3.42508E-04 3.66612E-04 4.48234E-04 
4.86761E-04 5.47319E-04 6.05041E-04 6.69508E-04 7.44406E-04 8.20495E-04 
9.00680E-04 1.02305E-03 1.16597E-03 1.37473E-03 1.52338E-03 1.50170E-03 
1.40697E-03 1.15637E-03 9.18847E-04 7.65204E-04 6.59613E-04 5.73867E-04 
5.18962E-04 4.78522E-04 4.25147E-04 3.45342E-04 2.89460E-04 2.67392E-04 
2.84240E-04 2.58557E-04 1.62289E-04 1.02867E-04 6.85897E-05 4.28504E-05 
2.15670E-05 6.78174E-06 1.11289E-06 4.49742E-08 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 3.59590E-07 1.11870E-04 5.66162E-03 5.15136E-02 
2.03013E-01 3.35573E-01 3.34817E-01 2.92834E-01 2.25629E-01 2.06101E-01 
2.00336E-01 1.92019E-01 1.68735E-01 1.44709E-01 1.24002E-01 1.04638E-01 
8.97917E-02 7.20927E-02 5.90015E-02 5.95315E-02 8.60017E-02 1.31535E-01 
1.62805E-01 1.72850E-01 1.79076E-01 1.92407E-01 1.96652E-01 1.83343E-01 
1.68741E-01 1.38700E-01 9.30415E-02 7.41752E-02 7.50116E-02 8.94507E-02 
1.12550E-01 1.17095E-01 1.10613E-01 1.02689E-01 9.83544E-02 9.47340E-02 
7.20120E-02 4.79024E-02 4.44697E-02 4.63698E-02 4.81948E-02 4.98753E-02 
5.13147E-02 5.31286E-02 4.91893E-02 3.56811E-02 1.91998E-02 6.30390E-03 
6.33784E-04 1.52216E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
900/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 5.36092E-07 5.62829E-06 1.63832E-05 2.36769E-05 3.74255E-05 
6.88845E-05 6.93580E-05 9.04161E-05 1.38320E-04 1.48279E-04 1.89918E-04 
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2.23250E-04 2.46039E-04 3.13666E-04 3.45849E-04 3.75611E-04 4.47122E-04 
4.96434E-04 5.53553E-04 6.11906E-04 6.74306E-04 7.55860E-04 8.30118E-04 
9.13423E-04 1.04636E-03 1.20225E-03 1.40772E-03 1.50610E-03 1.48033E-03 
1.35483E-03 1.11065E-03 8.84691E-04 7.43094E-04 6.46917E-04 5.64976E-04 
5.13581E-04 4.67574E-04 4.02584E-04 3.30508E-04 2.80156E-04 2.59670E-04 
2.71637E-04 2.43290E-04 1.53571E-04 9.60875E-05 6.57990E-05 4.11368E-05 
2.09153E-05 7.06440E-06 8.82224E-07 3.95787E-08 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 6.56498E-10 4.86292E-07  
1.43978E-04 4.70467E-03 3.51446E-02 1.27034E-01 2.35838E-01 2.74177E-01 
2.41784E-01 2.10757E-01 1.92484E-01 2.02368E-01 2.18389E-01 1.90322E-01 
1.81249E-01 1.73003E-01 1.47085E-01 1.23691E-01 1.03933E-01 7.94229E-02 
5.71594E-02 5.11893E-02 6.88840E-02 1.04371E-01 1.33161E-01 1.49199E-01 
1.52103E-01 1.54627E-01 1.62003E-01 1.67547E-01 1.74646E-01 1.78144E-01 
1.54517E-01 9.89438E-02 7.12417E-02 7.69459E-02 9.89867E-02 1.30139E-01 
1.36614E-01 1.29258E-01 1.32162E-01 1.33499E-01 8.62609E-02 4.96001E-02 
4.65695E-02 4.69636E-02 4.86435E-02 5.03221E-02 5.17943E-02 5.24929E-02 
4.55200E-02 3.07795E-02 1.63576E-02 5.13931E-03 5.27990E-04 7.83709E-06 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
1000/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 4.79179E-07 5.22499E-06 1.55916E-05 2.28922E-05 3.54593E-05 
6.51952E-05 6.56694E-05 8.75372E-05 1.33389E-04 1.41247E-04 1.82450E-04 
2.15100E-04 2.37509E-04 3.06331E-04 3.32261E-04 3.66536E-04 4.38139E-04 
4.79869E-04 5.42061E-04 5.97815E-04 6.63154E-04 7.44236E-04 8.10759E-04 
9.03222E-04 1.03205E-03 1.18396E-03 1.38256E-03 1.46739E-03 1.41197E-03 
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1.26959E-03 1.01489E-03 8.23379E-04 6.89266E-04 5.99837E-04 5.24302E-04 
4.76827E-04 4.39725E-04 3.76809E-04 3.08207E-04 2.66189E-04 2.56893E-04 
2.67921E-04 2.09887E-04 1.32784E-04 9.15376E-05 6.23454E-05 3.83761E-05 
1.88808E-05 5.42797E-06 8.15507E-07 3.08223E-08 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 3.57609E-11 1.73185E-07 1.70739E-05 
9.03519E-04 7.89538E-03 2.52396E-02 8.48743E-02 2.18207E-01 3.25562E-01 
3.13464E-01 2.65180E-01 2.13071E-01 1.97799E-01 1.99149E-01 1.72614E-01 
1.59917E-01 1.53147E-01 1.33725E-01 1.15969E-01 9.51859E-02 7.53447E-02 
5.67054E-02 5.60039E-02 6.95879E-02 1.03814E-01 1.40725E-01 1.59651E-01 
1.70648E-01 1.85622E-01 2.01506E-01 2.17405E-01 2.07288E-01 1.45896E-01 
9.47601E-02 7.64337E-02 7.47376E-02 8.28885E-02 1.08733E-01 1.44554E-01 
1.51016E-01 1.39958E-01 1.24585E-01 7.66727E-02 5.12654E-02 5.01320E-02 
5.27718E-02 5.43894E-02 5.62614E-02 5.78375E-02 5.57670E-02 4.12193E-02 
2.23482E-02 7.29417E-03 9.94646E-04 1.44154E-05 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
1100/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 5.18945E-07 5.54173E-06 1.62553E-05 2.37077E-05 3.71939E-05 
6.76313E-05 6.71110E-05 9.39432E-05 1.38879E-04 1.44849E-04 1.92901E-04 
2.21659E-04 2.50953E-04 3.22063E-04 3.40963E-04 3.87832E-04 4.54332E-04 
4.99954E-04 5.64463E-04 6.19266E-04 6.89965E-04 7.75514E-04 8.41230E-04 
9.42844E-04 1.06887E-03 1.23803E-03 1.44796E-03 1.50442E-03 1.44488E-03 
1.31166E-03 1.06175E-03 8.52609E-04 7.13098E-04 6.19400E-04 5.41839E-04 
4.95502E-04 4.54325E-04 3.85197E-04 3.17513E-04 2.72931E-04 2.68904E-04 
2.81927E-04 2.16397E-04 1.34597E-04 8.97440E-05 6.03075E-05 3.54719E-05 
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1.58813E-05 4.28002E-06 3.05860E-07 5.42015E-09 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 5.68174E-06  
4.10892E-04 1.05058E-02 8.44829E-02 2.29737E-01 3.36964E-01 3.39150E-01 
2.81859E-01 2.57997E-01 2.40079E-01 2.01693E-01 1.88724E-01 1.57236E-01 
1.28393E-01 1.07530E-01 9.22622E-02 7.30665E-02 5.47846E-02 4.94884E-02 
6.06076E-02 9.20340E-02 1.31441E-01 1.57407E-01 1.58349E-01 1.57472E-01 
1.74364E-01 1.87837E-01 1.91446E-01 1.88937E-01 1.55311E-01 9.63242E-02 
7.05769E-02 7.30319E-02 9.63029E-02 1.31949E-01 1.37728E-01 1.29810E-01 
1.22293E-01 1.16897E-01 8.78780E-02 6.14271E-02 5.63980E-02 5.86254E-02 
6.01977E-02 6.25628E-02 5.87200E-02 4.20127E-02 2.06209E-02 5.65291E-03 
4.47252E-04 5.67551E-06 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
1200/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 5.28932E-07 5.55188E-06 1.61606E-05 2.35805E-05 3.76707E-05 
6.68001E-05 6.63863E-05 9.50867E-05 1.37348E-04 1.43284E-04 1.93726E-04 
2.18151E-04 2.50582E-04 3.21611E-04 3.35547E-04 3.89040E-04 4.51975E-04 
4.97723E-04 5.64606E-04 6.18979E-04 6.92095E-04 7.79384E-04 8.45617E-04 
9.55569E-04 1.08769E-03 1.27365E-03 1.48054E-03 1.51483E-03 1.44429E-03 
1.25473E-03 9.90328E-04 8.01701E-04 6.77506E-04 5.90202E-04 5.21696E-04 
4.73336E-04 4.15717E-04 3.47606E-04 2.92115E-04 2.57801E-04 2.66296E-04 
2.80887E-04 2.05189E-04 1.27841E-04 8.66563E-05 5.81040E-05 3.38601E-05 
1.47606E-05 3.82474E-06 2.73074E-07 3.99024E-09 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 4.77844E-06 3.40461E-04 1.13983E-02  
7.59785E-02 1.87233E-01 2.63106E-01 2.70506E-01 2.36191E-01 2.17897E-01 
2.38064E-01 2.45919E-01 2.12900E-01 1.86788E-01 1.68332E-01 1.43576E-01 
1.19720E-01 1.00174E-01 7.98782E-02 5.91167E-02 5.41711E-02 7.04651E-02 
1.03711E-01 1.38719E-01 1.51423E-01 1.54630E-01 1.64948E-01 1.69640E-01 
1.75420E-01 1.92607E-01 1.89094E-01 1.26178E-01 7.89972E-02 6.59293E-02 
6.99258E-02 8.58563E-02 1.19590E-01 1.49629E-01 1.55287E-01 1.47728E-01 
1.07641E-01 6.18422E-02 4.92906E-02 5.13642E-02 5.15193E-02 5.42561E-02 
5.53872E-02 5.74447E-02 5.31832E-02 3.71295E-02 1.88287E-02 5.41676E-03 
5.47047E-04 4.49151E-06 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
' H(YH2)    ORNL       EVAL-SEP20 CHAPMAN,RAMIC                    '/ 
' REF. 0 (2020)        DIST-                                       '/ 
'---- ENDF/B-VIII      MATERIAL 5                                  '/ 
'----- THERMAL NEUTRON SCATTERING DATA                             '/ 
'------ ENDF-6 FORMAT                                              '/ 
'                                                                  '/ 
' Temperatures (K)                                                 '/ 
' ---------------                                                  '/ 
'   20 295 550 800 900 1000 1100 1200                              '/ 
'                                                                  '/ 
' History                                                          '/ 
' -------                                                          '/ 
'                                                                  '/ 
' This evaluation was produced at Oak Ridge National Laboratory in '/ 
' September 2020 using the LEAPR module of NJOY21 [1]. The phonon  '/ 
' frequency distributions for H an dY in YH2 were caluclated using '/ 
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' the stochastic Temperature Dependent Effective Potential [2] and '/ 
' the alpha and beta mesh were the same as those used for the ENDF8'/ 
' evaluation [3].                                                  '/ 
'                                                                  '/ 
' Theory                                                           '/ 
' ------                                                           '/ 
' YH2 has a fluorite type cubic crystal structure with the yttrium '/ 
' atoms forming a face-centered cubic sub-lattice and the hydrogen '/ 
' atoms situated in the tetrahedral interstices. The stochastic    '/ 
' Temperature Dependent Effective Potential (s-TDEP) method was    '/ 
' used with VASP to calculate the phonon spectra for H and Y in    '/ 
' YH2. The calculated double differential scattering cross section '/ 
' agrees with measurements.                                        '/ 
'                                                                  '/ 
' References                                                       '/ 
' ----------                                                       '/ 
' 1. A. C. Kahler Ed., LA-UR-12-27079 (December 20, 2012).         '/ 
' 2. N. Shulumba, O. Hellman, and A.J. Minnich, "Intrinsic         '/ 
'    localized mode and low thermal conductivity  of PbSe," Phys.  '/ 
'    Rev. B, 95, 014302 (2017)                                     '/ 
' 3. M. L. Zerkle and J. C. Holmes, "A Thermal Neutron Scattering  '/ 
'    Law for Yttrium Hydride," Int. Conf. Nucl. Data (September,   '/ 
'    2016).                                                        '/ 
/ 
stop 
 
 
leapr 
60 
'Y in YH2, all temperatures, s-TDEP'/ 
8 1/ 
55 155/ 
88.1421 7.66 1 0 0 0/ 
0/ 
107 401 1/ 
1.00000E-3 1.25893E-3 1.58489E-3 1.99526E-3 2.51189E-3  
3.16228E-3 3.98107E-3 5.01187E-3 6.30957E-3 7.94328E-3  
1.00000E-2 1.25893E-2 1.58489E-2 1.99526E-2 2.51189E-2 
3.16228E-2 3.98107E-2 5.01187E-2 6.30957E-2 7.94328E-2  
1.00000E-1 1.25893E-1 1.58489E-1 1.99526E-1 2.51189E-1  
3.16228E-1 3.98107E-1 5.01187E-1 6.30957E-1 7.94328E-1  
1.00000E+0 1.12202E+0 1.25893E+0 1.41254E+0 1.58489E+0  
1.77828E+0 1.99526E+0 2.23872E+0 2.51189E+0 2.81838E+0  
3.16228E+0 3.54813E+0 3.98107E+0 4.46684E+0 5.01187E+0  
5.62341E+0 6.30957E+0 7.07946E+0 7.94328E+0 8.91251E+0  
1.00000E+1 1.12202E+1 1.25893E+1 1.41254E+1 1.58489E+1  
1.77828E+1 1.99526E+1 2.23872E+1 2.51189E+1 2.81838E+1  
3.16228E+1 3.54813E+1 3.98107E+1 4.46684E+1 5.01187E+1  
5.62341E+1 6.30957E+1 7.07946E+1 7.94328E+1 8.91251E+1  
1.00000E+2 1.12202E+2 1.25893E+2 1.41254E+2 1.58489E+2  
1.77828E+2 2.00000E+2 2.20000E+2 2.40000E+2 2.60000E+2  
2.80000E+2 3.00000E+2 3.20000E+2 3.40000E+2 3.60000E+2  
3.80000E+2 4.00000E+2 4.20000E+2 4.40000E+2 4.60000E+2 
4.80000E+2 5.00000E+2 5.20000E+2 5.40000E+2 5.60000E+2  
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5.80000E+2 6.00000E+2 6.20000E+2 6.40000E+2 6.60000E+2 
6.80000E+2 7.00000E+2 7.20000E+2 7.40000E+2 7.60000E+2 
7.80000E+2 8.00000E+2 / alpha grid 
0.00000E+0 3.95257E-2 7.90514E-2 1.18577E-1 1.58103E-1  
1.97628E-1 2.37154E-1 2.76680E-1 3.16206E-1 3.55731E-1  
3.95257E-1 4.34783E-1 4.74308E-1 5.13834E-1 5.53360E-1  
5.92885E-1 6.32411E-1 6.71937E-1 7.11462E-1 7.50988E-1  
7.90514E-1 8.30040E-1 8.69565E-1 9.09091E-1 9.48617E-1  
9.88142E-1 1.02767E+0 1.06719E+0 1.10672E+0 1.18577E+0 
1.34387E+0 1.66008E+0 2.29249E+0 2.92490E+0 3.55731E+0 
3.87352E+0 4.18972E+0 4.34783E+0 4.42688E+0 4.46640E+0 
4.50593E+0 4.54545E+0 4.58498E+0 4.62451E+0 4.66403E+0 
4.70356E+0 4.74308E+0 4.78261E+0 4.82213E+0 4.86166E+0  
4.90119E+0 4.94071E+0 4.98024E+0 5.01976E+0 5.05929E+0  
5.09881E+0 5.13834E+0 5.17787E+0 5.21739E+0 5.25692E+0  
5.29644E+0 5.33597E+0 5.37549E+0 5.41502E+0 5.45455E+0  
5.49407E+0 5.53360E+0 5.57312E+0 5.61265E+0 5.69170E+0 
5.84980E+0 6.16601E+0 6.79842E+0 7.43083E+0 8.06324E+0 
8.37945E+0 8.61660E+0 8.77470E+0 8.85375E+0 8.93281E+0  
9.01186E+0 9.09091E+0 9.16996E+0 9.24901E+0 9.32806E+0  
9.40711E+0 9.48617E+0 9.56522E+0 9.64427E+0 9.72332E+0 
9.80237E+0 9.88142E+0 9.96047E+0 1.00395E+1 1.01186E+1  
1.01976E+1 1.02767E+1 1.03557E+1 1.04348E+1 1.05138E+1  
1.05929E+1 1.06719E+1 1.07510E+1 1.08300E+1 1.09091E+1  
1.09881E+1 1.10672E+1 1.11462E+1 1.12253E+1 1.13834E+1 
1.16996E+1 1.23320E+1 1.29644E+1 1.32806E+1 1.33992E+1 
1.35178E+1 1.36364E+1 1.37549E+1 1.38735E+1 1.39921E+1  
1.41107E+1 1.42292E+1 1.43478E+1 1.44664E+1 1.45850E+1  
1.47036E+1 1.48221E+1 1.49407E+1 1.50593E+1 1.51779E+1  
1.52964E+1 1.54150E+1 1.55336E+1 1.56522E+1 1.57708E+1  
1.58893E+1 1.60079E+1 1.61265E+1 1.62451E+1 1.63636E+1  
1.64822E+1 1.66008E+1 1.67194E+1 1.68379E+1 1.71542E+1 
1.74704E+1 1.77075E+1 1.78656E+1 1.80237E+1 1.81818E+1  
1.83399E+1 1.84980E+1 1.86561E+1 1.88142E+1 1.89723E+1  
1.91304E+1 1.92885E+1 1.94466E+1 1.96047E+1 1.97628E+1  
1.99209E+1 2.00791E+1 2.02372E+1 2.03953E+1 2.05534E+1  
2.07115E+1 2.08696E+1 2.10277E+1 2.11858E+1 2.13439E+1  
2.15020E+1 2.16601E+1 2.18182E+1 2.19763E+1 2.21344E+1 
2.22925E+1 2.24506E+1 2.26482E+1 2.28458E+1 2.30435E+1  
2.32411E+1 2.34387E+1 2.36364E+1 2.38340E+1 2.40316E+1  
2.42292E+1 2.44269E+1 2.46245E+1 2.48221E+1 2.50198E+1  
2.52174E+1 2.54150E+1 2.56126E+1 2.58103E+1 2.60079E+1  
2.62055E+1 2.64032E+1 2.66008E+1 2.67984E+1 2.69960E+1  
2.71937E+1 2.73913E+1 2.75889E+1 2.77866E+1 2.79842E+1 
2.82213E+1 2.84585E+1 2.86957E+1 2.89328E+1 2.91700E+1  
2.94071E+1 2.96443E+1 2.98814E+1 3.01186E+1 3.03557E+1  
3.05929E+1 3.08300E+1 3.10672E+1 3.13043E+1 3.15415E+1  
3.17787E+1 3.20158E+1 3.22530E+1 3.24901E+1 3.27273E+1  
3.29644E+1 3.32016E+1 3.34387E+1 3.36759E+1 3.39526E+1  
3.42292E+1 3.45059E+1 3.47826E+1 3.50593E+1 3.53360E+1  
3.56126E+1 3.58893E+1 3.61660E+1 3.64427E+1 3.67194E+1  
3.69960E+1 3.72727E+1 3.75494E+1 3.78261E+1 3.81028E+1  
3.83794E+1 3.86561E+1 3.89328E+1 3.92095E+1 3.95257E+1  
3.98419E+1 4.01581E+1 4.04743E+1 4.07905E+1 4.11067E+1  
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4.14229E+1 4.17391E+1 4.20553E+1 4.23715E+1 4.26877E+1  
4.30040E+1 4.33202E+1 4.36364E+1 4.39526E+1 4.42688E+1 
4.45850E+1 4.49012E+1 4.52569E+1 4.56126E+1 4.59684E+1  
4.63241E+1 4.66798E+1 4.70356E+1 4.73913E+1 4.77470E+1  
4.81028E+1 4.84585E+1 4.88142E+1 4.91700E+1 4.95257E+1  
4.98814E+1 5.02372E+1 5.05929E+1 5.09881E+1 5.13834E+1  
5.17787E+1 5.21739E+1 5.25692E+1 5.29644E+1 5.33597E+1  
5.37549E+1 5.41502E+1 5.45455E+1 5.49407E+1 5.53360E+1 
5.57312E+1 5.61265E+1 5.69170E+1 5.77075E+1 5.84980E+1  
5.92885E+1 6.00791E+1 6.08696E+1 6.16601E+1 6.24506E+1  
6.32411E+1 6.40316E+1 6.48221E+1 6.56126E+1 6.64032E+1  
6.71937E+1 6.79842E+1 6.87747E+1 6.95652E+1 7.03557E+1  
7.11462E+1 7.19368E+1 7.27273E+1 7.35178E+1 7.43083E+1  
7.50988E+1 7.58893E+1 7.66798E+1 7.74704E+1 7.82609E+1 
7.90514E+1 8.06324E+1 8.22134E+1 8.37945E+1 8.53755E+1  
8.69565E+1 8.85375E+1 9.01186E+1 9.16996E+1 9.32806E+1  
9.48617E+1 9.64427E+1 9.80237E+1 9.96047E+1 1.01186E+2  
1.02767E+2 1.04348E+2 1.05929E+2 1.07510E+2 1.09091E+2  
1.10672E+2 1.12253E+2 1.13834E+2 1.15415E+2 1.16996E+2  
1.18577E+2 1.20158E+2 1.21739E+2 1.23320E+2 1.24901E+2 
1.26482E+2 1.28063E+2 1.29644E+2 1.31225E+2 1.32806E+2  
1.34387E+2 1.35968E+2 1.37549E+2 1.39130E+2 1.40711E+2  
1.42292E+2 1.43874E+2 1.45455E+2 1.47036E+2 1.48617E+2  
1.50198E+2 1.51779E+2 1.53360E+2 1.54941E+2 1.56522E+2  
1.58103E+2 1.59684E+2 1.61265E+2 1.62846E+2 1.64427E+2 
1.66008E+2 1.67589E+2 1.69170E+2 1.70751E+2 1.72332E+2 
1.73913E+2 1.75494E+2 1.77075E+2 1.78656E+2 1.80237E+2 
1.81818E+2 1.83399E+2 1.84980E+2 1.86561E+2 1.88142E+2 
1.89723E+2 1.91304E+2 1.92885E+2 1.94466E+2 1.96047E+2 
1.97628E+2 / beta grid 
20/ temperature (K) 
0.0005 294/  phonon frequency distribution 
0.00000E+00 1.83201E-05 2.39790E-04 8.52822E-04 1.35045E-03 1.88938E-03 
3.53833E-03 4.20386E-03 4.54912E-03 7.48153E-03 9.29764E-03 9.73278E-03 
1.36714E-02 1.53297E-02 1.83595E-02 2.33317E-02 2.48376E-02 2.97629E-02 
3.64045E-02 4.04736E-02 4.80793E-02 5.56461E-02 6.50780E-02 7.62677E-02 
8.95173E-02 1.07073E-01 1.32994E-01 1.68757E-01 2.18537E-01 2.58640E-01 
3.08222E-01 3.47956E-01 3.05865E-01 2.58914E-01 2.36824E-01 2.31654E-01 
2.37674E-01 2.65759E-01 2.88565E-01 2.63647E-01 2.41951E-01 2.62423E-01 
3.26708E-01 3.00841E-01 1.94236E-01 1.35102E-01 1.05490E-01 8.12790E-02 
5.70094E-02 2.92759E-02 6.34040E-03 5.30256E-04 6.54571E-06 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 4.42806E-09 8.80776E-07 1.37711E-04 1.43478E-03 
4.55821E-03 5.36768E-03 4.33151E-03 3.46662E-03 2.53730E-03 1.67517E-03 
1.34876E-03 1.40070E-03 1.26686E-03 1.05687E-03 8.99659E-04 7.61987E-04 
5.73464E-04 3.80815E-04 2.79738E-04 2.17693E-04 2.25697E-04 3.95083E-04 
5.27174E-04 5.70929E-04 5.59940E-04 4.79168E-04 4.16252E-04 3.65699E-04 
2.90942E-04 2.17499E-04 1.61848E-04 9.39549E-05 3.87435E-05 1.83609E-05 
2.21588E-05 5.42697E-05 1.26730E-04 1.86021E-04 1.66122E-04 1.16421E-04 
8.35776E-05 8.13244E-05 7.58855E-05 9.49951E-05 9.97768E-05 9.39511E-05 
9.39927E-05 8.82097E-05 8.54355E-05 7.61568E-05 5.57639E-05 3.02813E-05 
1.18376E-05 2.39076E-06 7.78195E-08 1.49802E-10 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
295/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 2.13570E-05 2.66701E-04 8.97182E-04 1.39023E-03 1.99633E-03 
3.80413E-03 4.30107E-03 4.87140E-03 8.02661E-03 9.49344E-03 1.05850E-02 
1.44254E-02 1.59654E-02 1.95425E-02 2.44256E-02 2.57783E-02 3.22257E-02 
3.76321E-02 4.26633E-02 5.00749E-02 5.78896E-02 6.75410E-02 7.92755E-02 
9.25103E-02 1.11097E-01 1.37093E-01 1.74134E-01 2.23205E-01 2.60465E-01 
3.08160E-01 3.44024E-01 2.95807E-01 2.51620E-01 2.29578E-01 2.24564E-01 
2.28413E-01 2.49587E-01 2.71823E-01 2.54843E-01 2.29581E-01 2.34855E-01 
2.87702E-01 3.25195E-01 2.34791E-01 1.47724E-01 1.12816E-01 8.84201E-02 
6.62076E-02 4.14992E-02 1.56547E-02 1.86377E-03 7.11647E-05 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 3.85342E-09 6.20646E-06 1.95209E-04 
1.66342E-03 5.14459E-03 6.21120E-03 4.67623E-03 3.12457E-03 1.99778E-03 
1.45153E-03 1.50452E-03 1.42416E-03 1.15877E-03 9.83065E-04 8.43037E-04 
7.28964E-04 5.92511E-04 4.15755E-04 2.98488E-04 2.10887E-04 1.84035E-04 
2.86874E-04 5.07077E-04 6.66023E-04 6.75664E-04 6.06888E-04 5.42058E-04 
4.51820E-04 3.37909E-04 2.46395E-04 1.78096E-04 9.79893E-05 4.29663E-05 
3.38847E-05 5.46715E-05 1.10875E-04 1.66445E-04 1.78499E-04 1.36252E-04 
9.69675E-05 8.30333E-05 7.28823E-05 6.77647E-05 8.60438E-05 9.12244E-05 
8.84116E-05 8.55743E-05 7.96776E-05 7.54901E-05 6.60065E-05 4.92475E-05 
2.81186E-05 1.21435E-05 2.80306E-06 1.37121E-07 2.07107E-09 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
550/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 2.28657E-05 2.79533E-04 9.18961E-04 1.41100E-03 2.03839E-03 
3.90764E-03 4.32977E-03 4.98511E-03 8.27312E-03 9.55621E-03 1.09127E-02 
1.46511E-02 1.62429E-02 2.01727E-02 2.47925E-02 2.61581E-02 3.30157E-02 
3.81927E-02 4.38005E-02 5.11082E-02 5.93103E-02 6.90548E-02 8.13956E-02 
9.48524E-02 1.14842E-01 1.42756E-01 1.82226E-01 2.29689E-01 2.66879E-01 
3.19806E-01 3.38868E-01 2.87350E-01 2.46221E-01 2.28416E-01 2.22709E-01 
2.28431E-01 2.50846E-01 2.65387E-01 2.43197E-01 2.23357E-01 2.30918E-01 
2.88388E-01 3.13762E-01 2.18207E-01 1.45149E-01 1.11360E-01 8.83090E-02 
6.76260E-02 4.54044E-02 2.01277E-02 3.95878E-03 2.32257E-01 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 8.76870E-08 2.54303E-05 5.29589E-04  
3.02686E-03 6.08879E-03 5.58279E-03 4.23679E-03 3.11818E-03 2.04602E-03 
1.64242E-03 1.55168E-03 1.34450E-03 1.06678E-03 8.56044E-04 6.88327E-04  
5.48429E-04 4.23969E-04 3.11497E-04 2.14464E-04 2.18072E-04 3.22472E-04  
5.36724E-04 7.71774E-04 8.16213E-04 7.21731E-04 6.15645E-04 5.00019E-04 
3.73161E-04 2.70321E-04 2.04043E-04 1.22391E-04 5.43668E-05 3.63321E-05  
5.03206E-05 1.00100E-04 1.67339E-04 1.96316E-04 1.53862E-04 1.10540E-04  
9.61313E-05 8.13409E-05 7.48251E-05 8.89023E-05 1.00146E-04 1.01296E-04  
9.50041E-05 8.86581E-05 7.96925E-05 6.27564E-05 3.89057E-05 1.77156E-05  
4.96691E-06 5.21019E-07 3.74771E-09 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
800/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 2.97817E-05 3.30771E-04 1.00096E-03 1.49306E-03 2.33534E-03 
4.29398E-03 4.41294E-03 5.79650E-03 9.07791E-03 9.83539E-03 1.26187E-02 
1.55438E-02 1.73758E-02 2.26240E-02 2.57169E-02 2.84536E-02 3.58626E-02 
4.02985E-02 4.70312E-02 5.43851E-02 6.29628E-02 7.35962E-02 8.59197E-02 
1.00473E-01 1.22660E-01 1.51424E-01 1.95318E-01 2.41407E-01 2.80197E-01 
3.32925E-01 3.25902E-01 2.72033E-01 2.39219E-01 2.26303E-01 2.21833E-01 
2.34774E-01 2.58716E-01 2.65128E-01 2.37656E-01 2.23430E-01 2.46888E-01 
3.14689E-01 3.02437E-01 1.91396E-01 1.31986E-01 1.02097E-01 7.91290E-02 
5.57579E-02 2.86287E-02 7.18514E-03 4.73020E-04 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 7.11868E-09 3.26090E-06 1.56863E-04 1.29517E-03 
4.32965E-03 6.19172E-03 5.22776E-03 3.84533E-03 2.54611E-03 1.91571E-03 
1.74613E-03 1.57960E-03 1.28275E-03 1.03428E-03 8.41729E-04 6.79609E-04 
5.53326E-04 3.68288E-04 2.39145E-04 2.61200E-04 4.60154E-04 8.08396E-04 
9.35632E-04 8.23856E-04 6.52042E-04 5.15844E-04 3.81632E-04 2.71446E-04 
1.94426E-04 1.11549E-04 5.10420E-05 4.01602E-05 5.85182E-05 1.14590E-04 
1.85273E-04 1.75497E-04 1.40009E-04 1.08753E-04 8.93974E-05 8.64296E-05 
8.22069E-05 9.93569E-05 1.08028E-04 9.47848E-05 9.26174E-05 8.63720E-05 
8.10966E-05 7.34129E-05 5.91956E-05 3.74180E-05 1.70800E-05 4.64889E-06  
3.73060E-07 5.04561E-09 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1. /  weights 
0/ 
900/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 3.34340E-05 3.51147E-04 1.02442E-03 1.48924E-03 2.38043E-03 
4.39489E-03 4.47163E-03 5.93921E-03 9.17010E-03 9.96261E-03 1.30208E-02 
1.56111E-02 1.76232E-02 2.29525E-02 2.59641E-02 2.91755E-02 3.58187E-02 
4.11551E-02 4.77200E-02 5.52451E-02 6.36825E-02 7.52903E-02 8.76557E-02 
1.03058E-01 1.27223E-01 1.59100E-01 2.04470E-01 2.45612E-01 2.86440E-01 
3.37716E-01 3.18763E-01 2.64506E-01 2.36441E-01 2.25343E-01 2.22772E-01 
2.36943E-01 2.58609E-01 2.53286E-01 2.29262E-01 2.18926E-01 2.47197E-01 
3.20153E-01 3.01902E-01 1.88965E-01 1.26858E-01 9.97034E-02 7.71983E-02 
5.45009E-02 2.80803E-02 6.09365E-03 4.45512E-04 3.06417E-06 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 9.40180E-09  
4.30816E-06 1.37212E-04 9.62188E-04 2.97338E-03 4.66551E-03 4.72488E-03 
3.50371E-03 2.66382E-03 2.34855E-03 2.17678E-03 2.02067E-03 1.71490E-03 
1.51980E-03 1.31043E-03 1.06879E-03 9.22398E-04 7.55374E-04 4.99448E-04 
2.76754E-04 2.33038E-04 3.75070E-04 6.28040E-04 8.01589E-04 8.26125E-04 
7.12232E-04 5.77381E-04 4.75315E-04 3.70351E-04 2.78016E-04 2.12115E-04 
1.26392E-04 5.31723E-05 3.36102E-05 5.38709E-05 1.17432E-04 2.05589E-04 
2.01993E-04 1.49320E-04 1.08672E-04 9.15709E-05 9.70469E-05 1.21959E-04 
1.38998E-04 1.26973E-04 1.22954E-04 1.14983E-04 1.06036E-04 9.34840E-05 
7.10668E-05 4.27962E-05 1.91552E-05 4.99653E-06 4.19032E-07 9.43987E-10 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
1000/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 3.11473E-05 3.39770E-04 1.01629E-03 1.50031E-03 2.34514E-03 
4.33775E-03 4.42023E-03 6.00873E-03 9.23619E-03 9.90590E-03 1.30966E-02 
1.57513E-02 1.78180E-02 2.34872E-02 2.61627E-02 2.98968E-02 3.68476E-02 
4.17850E-02 4.91925E-02 5.67949E-02 6.60048E-02 7.81845E-02 9.02755E-02 
1.07712E-01 1.32592E-01 1.65934E-01 2.14000E-01 2.53760E-01 2.95112E-01 
3.37002E-01 3.10785E-01 2.59931E-01 2.33701E-01 2.25005E-01 2.25260E-01 
2.40734E-01 2.64015E-01 2.56126E-01 2.31742E-01 2.30545E-01 2.74239E-01 
3.26976E-01 2.52136E-01 1.57507E-01 1.18333E-01 9.31792E-02 7.17190E-02 
4.96455E-02 2.40847E-02 5.50382E-03 3.40501E-04 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
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0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
8.73905E-09 1.41796E-06 5.11525E-05 1.08625E-03 3.95841E-03 5.98038E-03 
5.12076E-03 3.82595E-03 2.80214E-03 2.12815E-03 1.71864E-03 1.31363E-03 
1.22000E-03 1.06781E-03 8.27832E-04 6.43218E-04 5.24976E-04 3.91884E-04 
2.66359E-04 2.43137E-04 3.03847E-04 5.04281E-04 8.28854E-04 9.97922E-04 
9.31444E-04 7.64631E-04 5.86196E-04 4.35115E-04 2.85719E-04 1.48448E-04 
7.20213E-05 4.81145E-05 5.20783E-05 7.84010E-05 1.55733E-04 2.51645E-04 
2.37581E-04 1.58808E-04 1.19260E-04 1.17080E-04 1.42608E-04 1.38123E-04 
1.21985E-04 1.13280E-04 1.02542E-04 9.04442E-05 7.24438E-05 4.61925E-05 
2.14559E-05 5.71622E-06 6.49749E-07 3.89844E-09 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
1100/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 3.30922E-05 3.53488E-04 1.03848E-03 1.52341E-03 2.41804E-03 
4.41437E-03 4.42938E-03 6.30652E-03 9.42364E-03 9.97010E-03 1.35631E-02 
1.58864E-02 1.84415E-02 2.41963E-02 2.62971E-02 3.09801E-02 3.74013E-02 
4.26700E-02 5.01678E-02 5.75674E-02 6.72248E-02 7.96977E-02 9.16955E-02 
1.09868E-01 1.34341E-01 1.69692E-01 2.17665E-01 2.54453E-01 2.93147E-01 
3.39625E-01 3.14669E-01 2.63287E-01 2.35870E-01 2.26137E-01 2.25911E-01 
2.42717E-01 2.64182E-01 2.53501E-01 2.30365E-01 2.27668E-01 2.77685E-01 
3.33390E-01 2.52060E-01 1.56560E-01 1.14432E-01 8.98812E-02 6.79316E-02 
4.45404E-02 1.86761E-02 2.42722E-03 9.54238E-05 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 9.61877E-08  
7.57231E-06 1.93927E-04 1.49384E-03 3.86358E-03 5.52159E-03 5.51408E-03 
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4.26004E-03 3.09472E-03 2.31913E-03 1.77329E-03 1.48656E-03 1.13293E-03 
8.76980E-04 7.02589E-04 5.83248E-04 4.52246E-04 3.09651E-04 2.58920E-04 
3.16282E-04 5.29191E-04 8.20380E-04 9.54994E-04 8.70683E-04 7.10387E-04 
6.03322E-04 4.89506E-04 3.55761E-04 2.55878E-04 1.45401E-04 5.80430E-05 
3.45945E-05 5.27334E-05 1.28362E-04 2.41557E-04 2.29509E-04 1.70255E-04 
1.20934E-04 1.07304E-04 1.01212E-04 1.26833E-04 1.38129E-04 1.34623E-04 
1.27685E-04 1.19305E-04 9.92095E-05 6.29674E-05 2.63029E-05 6.08450E-06 
3.94031E-07 9.67071E-10 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
1200/ temperature (K) 
0.0005 282/  phonon frequency distribution 
0.00000E+00 3.41469E-05 3.58542E-04 1.04625E-03 1.53882E-03 2.47596E-03 
4.41340E-03 4.44207E-03 6.47024E-03 9.43300E-03 9.97961E-03 1.38053E-02 
1.58470E-02 1.86549E-02 2.44724E-02 2.62565E-02 3.15092E-02 3.77371E-02 
4.31153E-02 5.09629E-02 5.84656E-02 6.85970E-02 8.15766E-02 9.39765E-02 
1.13818E-01 1.40050E-01 1.79297E-01 2.29609E-01 2.69076E-01 3.18302E-01 
3.50436E-01 2.99078E-01 2.52877E-01 2.31729E-01 2.24963E-01 2.29875E-01 
2.48572E-01 2.57415E-01 2.39004E-01 2.20863E-01 2.25942E-01 2.84490E-01 
3.28373E-01 2.33091E-01 1.47096E-01 1.10074E-01 8.67818E-02 6.55266E-02 
4.24214E-02 1.71260E-02 2.14806E-03 7.46782E-05 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 1.70417E-08 1.92605E-06 1.10748E-04  
1.07184E-03 3.38347E-03 5.01761E-03 4.57171E-03 3.29774E-03 2.77777E-03 
2.62221E-03 2.32141E-03 1.88475E-03 1.51378E-03 1.22570E-03 9.83410E-04 
7.95089E-04 6.49162E-04 5.07756E-04 3.37129E-04 2.92360E-04 4.20917E-04 
6.64427E-04 9.26986E-04 9.46990E-04 8.54531E-04 7.37269E-04 5.92735E-04 
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4.55549E-04 3.42590E-04 2.13636E-04 9.79052E-05 4.54441E-05 3.27991E-05 
4.40304E-05 8.35811E-05 1.78684E-04 2.62357E-04 2.30653E-04 1.60475E-04 
1.26839E-04 1.52728E-04 1.68939E-04 1.71305E-04 1.59809E-04 1.54576E-04 
1.42363E-04 1.29787E-04 1.04655E-04 6.51305E-05 2.81486E-05 6.75016E-06 
5.68214E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00/ 
0. 0. 1./  weights 
0/ 
' Y(YH2)    ORNL       EVAL-SEP20 CHAPMAN,RAMIC                    '/ 
' REF. 0 (2020)        DIST-                                       '/ 
'---- ENDF/B-VIII      MATERIAL 55                                 '/ 
'----- THERMAL NEUTRON SCATTERING DATA                             '/ 
'------ ENDF-6 FORMAT                                              '/ 
'                                                                  '/ 
' Temperatures (K)                                                 '/ 
' ---------------                                                  '/ 
'   20 295 550 800 900 1000 1100 1200                              '/ 
'                                                                  '/ 
' History                                                          '/ 
' -------                                                          '/ 
'                                                                  '/ 
' This evaluation was produced at Oak Ridge National Laboratory in '/ 
' September 2020 using the LEAPR module of NJOY21 [1]. The phonon  '/ 
' frequency distributions for H an dY in YH2 were caluclated using '/ 
' the stochastic Temperature Dependent Effective Potential [2] and '/ 
' the alpha and beta mesh were the same as those used for the ENDF8'/ 
' evaluation [3].                                                  '/ 
'                                                                  '/ 
' Theory                                                           '/ 
' ------                                                           '/ 
' YH2 has a fluorite type cubic crystal structure with the yttrium '/ 
' atoms forming a face-centered cubic sub-lattice and the hydrogen '/ 
' atoms situated in the tetrahedral interstices. The stochastic    '/ 
' Temperature Dependent Effective Potential (s-TDEP) method was    '/ 
' used with VASP to calculate the phonon spectra for H and Y in    '/ 
' YH2. The calculated double differential scattering cross section '/ 
' agrees with measurements.                                        '/ 
'                                                                  '/ 
' References                                                       '/ 
' ----------                                                       '/ 
' 1. A. C. Kahler Ed., LA-UR-12-27079 (December 20, 2012).         '/ 
' 2. N. Shulumba, O. Hellman, and A.J. Minnich, "Intrinsic         '/ 
'    localized mode and low thermal conductivity  of PbSe," Phys.  '/ 
'    Rev. B, 95, 014302 (2017)                                     '/ 
' 3. M. L. Zerkle and J. C. Holmes, "A Thermal Neutron Scattering  '/ 
'    Law for Yttrium Hydride," Int. Conf. Nucl. Data (September,   '/ 
'    2016).                                                        '/ 
/ 
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